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In 1983 the City of Missoula's surface water supply (54%) 
was abandoned due to giardia contamination. Currently, in 
excess of 9.7 billion gallons of water per year are derived 
entirely from a 50 to 110 foot unconfined Pliocene-Holocene 
sand and gravel aquifer. Early investigators believed that 
the Clark Fork River is a principal source of recharge to 
the aquifer, but no attempt was made to quantify rates. 
A hydrogeologic investigation was initiated to quantify 
river-aquifer interaction, aquifer geometry and properties, 
and to evaluate the effects of municipal pumping near the 
river A mass balance model involving three rivers and 
three irrigation diversions was used to quantify river 
recharge spacially and temporally. Several hundred well 
records were reviewed and a 40 well monitoring network 
established. Aquifer geometry, aquifer tests and head 
levels were used to numerically model the river-aquifer 
system. 
Results of the investigation indicate that the Clark Fork 
River is the principal source of recharge to the Missoula 
Aquifer, that the aquifer has excellent hydrologic 
properties and that additional ground water development is 
possible near the river. Potentiometric maps, river leakage 
rates, water chemistry, numerical modeling, aquifer 
testing, and well and river hydrographs document river-
aquifer interaction. The hydrologic properties of the 
aquifer include a hydraulic conductivity of about 1400 ft/d, 
a specific yield of 10% and a transmissivity of about 
1,000,000 gpd/ft. Results of the study also suggest the 
possibility of additional municipal well development near 
the Clark Fork River. Additional wells pumping continuously 
at 5000 gpm, 500 feet from the river, will deplete the river 
by about 10 cfs. 
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CHAPTER 1 
INTRODUCTION 
In 1983 -the City of Missoula's surface water supply was 
abandoned due to giardia contamination. Up until that time 
Rattlesnake Creek had provided 54% of the municipal supply. 
Currently, in excess of 9.7 billion gallons of water is 
produced from the Missoula Aquifer. This represents a 280% 
increase in ground water withdrawl since 1982. 
The Missoula Aquifer is thin, unconfined and composed 
of coarse sand and gravel. The aquifer is the sole source of 
supply to the valley's 50,000 residents. It is poorly 
protected from surface contamination by sporadic layers of 
clay and silt. In addition to thousands of French storm 
drains located at most street intersections, over 6000 
domestic waste disposal systems provide water of marginal 
quality to the aquifer. In excess of 1200 domestic, 
irrigation, municipal and industrial supply wells penetrate 
the aquifer. The aquifer thickness varies from 
approximately 50 feet to at least 110 feet. Its lateral 
extent is defined by the topographic break in slope of the 
surrounding bedrock hills. The aquifer is dissected by two 
major rivers'- the Bitterroot River entering the valley from 
the south and the Clark Fork River entering from the east. 
Early investigators (McMurtrey et al., 1965 and Geldon, 
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1979) believed "that, "the Clark Fork River is the principal 
source of recharge to the Missoula Aquifer, but no attempt 
was made to quantify rates. 
In 1979 Geldon attempted a water balance of the 
Missoula Valley which indicated that the aquifer system was 
overdrawn by 22,552 acre feet in 1977-1978. Geldon (1979) 
also prepared water table elevation maps which show that the 
basic direction of ground-water flow is from the Clark Fork 
River to the southwest. This indicates that the river 
influences ground-water movement and is an important 
component of recharge to the Missoula Aquifer. 
Mountain Water Company, operators of the water supply 
system, use 26 production wells and provide water to 16,000 
people in Missoula (Bob Ward, oral communication). The five 
most prolific wells are located within 450 feet of the Clark 
Fork River yielding up to 7000 gallons per minute (gpm). In 
1984 Mountain Water Company evaluated the influence of 
increasing pumpage adjacent to the river to compensate for 
the loss of the Rattlesnake Creek supply (Hydrometrics, 
1984). They report that at one well, after 10 days of 
pumping at 5000 gpm 90% of the water reaching the well is 
recharge from the Clark Fork River. Water table drawdown 
near the well is less than 8 feet and the cone of influence 
was estimated to extend to 1000 feet radially. Based on 
these results MWC determined that increasing discharge in 
the existing wells near the river would offset the loss of 
the surface water supply without a significant impact to the 
ground water system. 
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Although the aquifer is the sole source of water for 
residents of the Missoula Valley, a detailed evaluation of 
the entire aquifer system is not available. The goal of 
this study is to quantify the interaction between the Clark 
Fork River and the Missoula Aquifer, and to make a 
preliminary evaluation of the effects of current and future 
municipal pumping on the ground water system. 
STUDY OBJECTIVES 
The six specific objectives are: 
1. To document the hydrogeologic behavior of the 
Missoula Aquifer in an area from Hellgate Canyon 
to the confluence of the Bitterroot and Clark Fork 
Rivers. 
2. To determine the interaction of the Clark Fork 
River and the Missoula Aquifer during a one year 
period. 
3. To construct a water balance model for the Clark 
Fork and Bitterroot Rivers and Rattlesnake Creek. 
4 To identify the geometry of the aquifer and its 
ability to store and transmit water. 
5. To provide the City of Missoula with a long-term 
monitoring program including a 40 well network, 
stage versus discharge relationships at 12 
locations on 3 rivers and 3 irrigation diversions, 
and water chemistry data on ground and surface 
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water. 
6. To calibrate a preliminary numerical model of 
the aquifer system in an attempt to predict the 
maximum rate of induced infiltration from the 
Clark Fork River. 
7. To evaluate the impacts of municipal pumping on 
surface water and ground water. 
This thesis is organized into 6 chapters. Chapter 2 
describes the environmental setting of the study area. 
Chapters 3 and 4 contain the methodology and results of the 
study. Chapter 5 is a discussion of the results, and 
Chapter 6 contains the conclusions of the study. 
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CHAPTER 2 
This chapter describes the environmental setting of the 
study area. It is organized into sections outlining the 
physiography climate, geomorphology, geology, surface- and 
ground-water hydrology, and water quality. 
PHYSIOGRAPHY 
The Missoula Basin, located in west-central Montana, is 
a wedge-shaped fault-bounded intermontane basin (Figure 1). 
It forms the southeastern end of the Missoula-Ninemile 
Valley which trends N55W for about 50 miles. The Missoula 
Valley is bounded by the Rattlesnake Hills to the north, the 
Sapphire Mountains to the east, the Bitterroot Mountains to 
the south, and on the west by a low ridge of lacustrine 
silts extending from the confluence of the Bitterroot and 
Clark Fork Rivers to the Johnson-Bell Airport (Plate 1). The 
study area is approximately 19 square miles. 
CLIMATE 
The climate in the Missoula Valley is semiarid. Winter 
is dominated by Pacific maritime air, which occasionally is 
displaced by cold Continental air draining through the Clark 
Fork Valley. The long-term average annual precipitation is 
13.29 inches (NOAA, 1985). Peak precipitation occurs in May 
and June, and February and March are the driest months. 
High intensity convective storms in July and August may also 
contribute significant precipitation. 
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GEOMORPHOLOGY 
The highlands surrounding the valley exhibit a ridge 
and ravine landscape. The landscape is relatively recent, 
evolving since the Miocene Epoch. It is a water absorbant 
landscape with little natural surface runoff. Ground water 
generally sustains perenial streams in the mountains which 
commonly run clear. 
The Missoula Valley is drained by the Clark Fork and 
Bitterroot Rivers. The Clark Fork River enters the valley 
from the east through the 1500 foot deep Hellgate Canyon 
(Plate 1 ). The river flows westward for about 8 miles 
meeting the Bitterroot River at Kelly Island. The Clark 
Fork River has a gradient of 10.4 feet per mile. The 
Bitterroot River enters the valley in the south central 
portion of the study area. It flows northwest for 4.5 miles 
at a gradient of 5.2 feet per mile before joining the Clark 
Fork River. Several smaller streams enter the valley from 
the surrounding highlands (Plate 1 ), including Grant Creek, 
O'Brien Creek, Pattee Creek and Rattlesnake Creek. Of 
these, Rattlesnake Creek has the most significant flow. 
The topography of the valley floor is dominated by two 
river terraces. Twenty foot scarps separate the terraces 
and the present flood plains of the Clark Fork River and 
Bitterroot River (Geldon, 1979). Another valley floor 
feature is McCauley Butte. It is a 200 foot high bedrock 
outlier located in the Bitterroot River flood plain. Other 
features include meander scars and oxbow cutoffs along the 
courses of the Clark Fork River and Bitterroot River. 
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The Missoula Valley has many prominant geomorphic 
features. The west faces of Mounts Sentinel and Jumbo have 
a striking uniformity in slope angle between the valley 
floor and about 4000 feet. This is a fault line scarp which 
is notched at 4000 feet in several places by hanging valleys 
above the scarp. Below two of these hanging valleys, at the 
base of Mount Sentinel, are two partially preserved alluvial 
cones. In addition, the slopes have ubiquitous wave-cut 
benches with a thin mantle of shore line deposits. The 
numerous benches and alluvial cones were probably formed 
during the Pleistocene when Glacial Lake Missoula occupied 
the valley. A low saddle on Mount Jumbo acted as a flood 
spillway when the lake drained. On Waterworks Hill are 
thousands of erratics which were ice-rafted on the lake to 
their depositional site. To the south, a subdued alluvial 
fan eminates from the mouth of Pattee Creek. In the South 
Hills region, above the Mansion Restaurant, is a pediment 
surface. 
GEOLOGY 
The Cenozoic sediments of the Missoula Valley are 
continental clastic basin-fill deposits. The basin was 
filled with sediment twice and the sediment was partially 
removed twice. Surface exposures of Tertiary sediments are 
poor and infrequent. The sediments range in size from clay 
to coarse gravel. They unconformably overlie pre-basin 
Precambrian Belt Supergroup metasediments. Up to 2500 feet 
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of Tertiary sediments are preserved in the valley (McMurtrey 
et al., 1965). A north-south diagrammatic section of the 
valley along Russell Street is presented in Figure 2. Four 
significant stratigraphic subdivisions are present and the 
first three are seperated by major unconformities. They 
include: 1) fanglomerates of the pre-Renova Formation 
equivalent, 2) the fine grained ash-rich Renova Formation 
equivalent, 3) the coarse clastic Sixmile Creek Formation 
equivalent, and 4) Quaternary lake silts and alluvial 
gravels. A summary of the Cenozoic geology taken from work 
by McMurtrey and others (1965), Kuenzi and Fields (1971), 
Fields (1981), Thompson and others (1982), Wehrenberg 
(1983), Fields and others (1985) and my observations in the 
valley is located in Appendix A. 
SURFACE WATER HYDROLOGY 
The Clark Fork River is gaged above and below Missoula 
by the U.S. Geological Survey. The gaging station above 
Missoula is located 1000 feet down-river from the Bandman 
Bridge 2.8 miles east of Missoula. The station below 
Missoula is located 1.0 miles down-river of the confluence 
with the Bitterroot River 4.5 miles west of Missoula. Both 
have been gaged continuosly since 1929. 
The gaging station above Missoula records a 5,999 
square mile drainage area. Mean annual discharge is 3,051 
cubic feet per second (cfs) (USGS, 1984). A maximum 
disharge of 32,300 cfs occurred on June 21, 1975; a minimum 
340 cfs occurred on September 27, 1937. Monthly mean 
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Figure 2. Diagrammatic Section Along Russell Street 
discharge in 1984 varied from 1154 cfs in December, "to 9278 
cfs in June reflecting "the influence of spring rains and 
snowmelt. Peak discharge in 1985 was 8680 cfs on May 25 
and minimum discharge was 826 cfs on August 1. 
The below Missoula gaging station incorporates both the 
Clark Fork River and Bitterroot River and has a 9,003 square 
mile drainage area. Approximately 3000 square miles is 
drained by the Bitterroot River. Mean annual discharge is 
5,547 cfs (USGS, 1984). A maximum discharge of 52,800 cfs 
occurred on May 23, 1948; the minimum was 388 cfs on January 
18, 1933. In 1984 monthly mean discharge varied from 2045 
cfs in December to 20,160 cfs in June. A 1985 peak 
discharge of 19,900 cfs occurred on May 25 ; the minimum 
discharge was 1180 cfs on August 1. The Bitterroot River 
was gaged independently from 1898 to 1905 from a bridge 4 
miles southwest of Missoula. For the period of record 
discharge was 3,260 cfs (USGS, 1975). Geldon (1979) 
estimates the mean annual discharge for the Bitterroot River 
as 2,339 cfs. 
Rattlesnake Creek was gaged from 1959 to 1967 at the 
Vine Street bridge in Missoula. The drainage area is 79.7 
square miles. Mean annual discharge for the period was 110 
cfs (USGS, 1975). Using USGS gaging data for 1959 to 1967, 
linear regression against the Clark Fork River from 1967 to 
1977, and accounting for diverted water by the Montana Power 
Company from 1967 \o 1977, Geldon (1979) estimates annual 
discharge as 135 cfs. 
O'Brien Creek, Pattee Creek and Grant Creek have not 
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been gaged by the USGS. Geldon (1979) estimates discharge 
for O'Brien and Pattee Creeks by using mean annual 
precipitation and drainage area data. He then compares this 
to Rattlesnake Creek's discharge per square mile and mean 
annual precipitation. Mean annual discharges are 42 cfs for 
O'Brien Creek and 13 cfs for Pattee Creek. Independent 
stream gaging of Grant Creek by du Breuil (1983) provided a 
mean annual discharge of 30 cfs. 
GROUND WATER HYDROLOGY 
The Missoula Valley has three sources of groundwater. 
The aquifers include: fractured Precambrian Belt Supergroup 
rocks, Renova equivalent sediments, and Sixmile Creek 
equivalent and Quaternary sands and gravel (the Missoula 
Aquifer). Use of the fractured bedrock aquifer and the 
Renova equivalent is generally restricted to the valley 
margins. The Missoula Aquifer occurs in the valley floor 
and is the principal source of groundwater. 
The bedrock aquifer contains water in fractures. The 
rock for all practical purposes is impermeable and wells 
provide water which is transmitted by fracture systems. 
Well yields are generally about 1 gpm. However in the Hayes 
Creek area during a 4 hour aquifer test a well provided 17 
gpm. Wells finished in bedrock range in depth from 38 to 
over 1000 feet. Geldon (1979) reports an average specific 
capacity of 0.11 gallons per minute per foot of drawdown 
(gpm/ft). Analysis of driller's reports in the Hayes Creek 
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area provide specific capacities varying from 0.5 to 35 
gpm/ft. 
The Renova equivalent aquifer occurs on the valley 
flanks and beneath the Missoula Aquifer. Discontinuous 
lenses of sand and gravel, usually less than 10 feet thick, 
provide water under artesian conditions. The sands and 
gravels are confined by silts and clays and generally 
transmit less than 20 gpm (Geldon, 1979). However, in the 
final design of MWC-3a on South Avenue two three foot zones 
of sand and gravel in the Renova equivalent are perforated 
which yeilded 75 gpm when the well was developed. Geldon 
(1979) reports hydraulic conductivities (K) averaging 22 
feet per day (ft/d), specific capacities of 0.51 gpm/ft and 
a storage coefficient of 10 ^. 
The Missoula Aquifer, Sixmile Creek equivalent and 
Quaternary alluvium, is composed of unconsolidated sand and 
gravel. It occurs on the valley floor and is generally 
unconfined. Sporadic layers of silt and clay occur 
throughout the aquifer. Thickness is reported by Geldon 
(1979) to average 151 feet (including unsaturated zone). 
McMurtrey and others (1965) use a 150 foot value when 
calculating groundwater velocity in central Missoula. 
Several MWC wells near the Clark Fork River and in southern 
Misssoula appear to penetrate up to a 130 foot aquifer 
interval of which 50 to 110 feet are saturated. Thickness 
data are sketchy at best. 
The Missoula Aquifer is prolific. McMurtrey and others 
(1965) determined transmissivity (T) values from specific 
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capacity tests which vary from 17,800 to 1.000,000 gallons 
per day per foot (gpd/ft). From an aquifer test at a well 
south of the Clark Fork River in the north central part of 
the study area they calculated a T value of 620,000 gpd/ft. 
An aquifer test by Geldon (1979) provides a T value of 
699,927 gpd/ft. Hydrometrics (1984) attempted an aquifer 
test on MWC-34 near the Clark Fork River and concluded that 
transmissivity ranged from 250,000 to 1,000,000 gpd/ft. 
From 19 aquifer tests Geldon (1979) reports an average K 
value of 680 ft/d. In the same test series he determined 
specific capacity values ranging from 3 to 3000 gpm/ft. 
McMurtrey and others (1965) assumed a porosity value (n) of 
0.40 and a specific yield (SY) of 0.10. Geldon (1979) 
found time-dependent SY values from aquifer tests. They 
ranged from 0.11 to 0.35. The aquifer is recharged by 
precipitation, snowmelt, excess irrigation water, French 
storm drains, and leakage from influent streams. Water 
table fluctuations average about 8 feet per year. 
WATER QUALITY 
Water derived from the Missoula Aquifer is of good 
chemical quality. The water quality is well within the 
Drinking Water Standards. Juday and Keller (1979), the 
Montana State Water Quality Bureau (WQB), Hydrometrics 
(1984) and Mountain Water Company have analyzed water 
quality in the valley. They collected water samples from 
private wells, the Clark Fork River, and from faucets 
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connected to the water distribution system. 
The groundwater is a calcium-bicarbonate type water. 
It is moderately hard as expressed by the sum of calcium and 
magnesium ion concentrations. Total dissolved solids (TDS) 
are usually less than 350 miligrams per liter (mg/1). 
Chloride ion concentrations are less than 10 mg/1 and 
sulfate is less than 30 mg/1. Ranges in pH are from 6.8 
to 8.5. Geldon (1979) reports calcium to silica ratios, 
which are indicies of the freedom of groundwater 
circulation, averaging 2.3 in the Missoula Aquifer. This 
ratio decreases southwestward away from the Clark Fork 
River. (Geldon found that Oligocene-Miocene sediments have 
calcium:silica ratios averaging 0.64 which indicates less 
groundwater freedom). Seasonally, wells near the Clark Fork 
River near downtown Missoula show 60% fluctuations in TDS 
which reflect the TDS changes in the Clark Fork River 
(Hydrometrics, 1984). Staff of the WQB collect an annual 
groundwater sample in the Missoula Valley. Water is drawn 
from faucets connected to the water distribution system 
which represents water from some of the 27 municipal wells 
in the valley, and up until the summer of 1983, Rattlesnake 
Creek water (Figure 3). 
Mountain Water Company also monitors water quality in 
the valley. Fifty four bacteriological samples are 
collected each month which represents about 2 samples per 
well. Every 4 years MWC tests its wells for inorganic 
chemical constituents. They also sample the Clark Fork 
River periodically for base line data. 
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CHAPTER 3 
METHODOLOGY 
Chapter 3 is organized into 5 sections. The sections 
describe the methods I used to define aquifer geometry and 
extent, groundwater flow patterns, hydrogeologic 
properties of the Missoula Aquifer, water chemistry 
relationships between ground- and surface-water, and surface 
water -- ground water interaction. 
AQUIFER DESCRIPTION 
This section describes my approach at defining aquifer 
lithology and geometry. My methods included interpreting 
driller's logs, conducting seismic refraction surveys and 
performing sieve analyses. 
In the initial phase of the study I reviewed several 
hundred well logs on file at the Missoula Office of the 
Water Rights Bureau. The review provided information on 
aquifer lithology and extent, specific capacity and 
construction. A specific goal of the review was to identify 
the thickness of the Missoula Aquifer by identifying a 
lithologic change from coarse sand and gravel to 
predominantly clay and gravel. 
As another method to determine aquifer thickness, I 
performed seismic refraction surveys along the Clark Fork 
River at the east end of the valley. I conducted 3 surveys 
on the south side of the Clark Fork River both east and west 
of the University of Montana (UM) Walking Bridge. Two 
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seismic lines were locat-ed approximately 150 feet south of 
the south channel of the river and 400 feet east of the 
bridge. I used a Bison Signal Enhancement Seismograph Model 
1570 B with a single vertical axis geophone. The energy 
source was a 10 pound sledge hammer. Phone spacing was 6 to 
15 feet and the lines were 150 and 180 feet long. Multiple 
shots at each phone location enhanced signal-to-noise 
ratios. I collected data on a reverse line at one site. I 
conducted the third experiment just west of the Madison 
Street Bridge 300 feet south of the Clark Fork River and 
used a 600 foot line with 25 foot phone spacings up to 100 
feet and 50 foot inervals thereafter. The signal was 
generated using a 300 pound weight dropped 10 feet from a 
tripod to the ground. 
I plotted first-arrival times against distance from the 
seismic source. Seismic velocities and depths to interfaces 
were calculated using standard techniques (Zohdy et al., 
1974). I compared velocities to those found at Milltown, 
Montana (Woessner et al. , 1984) and to those reported by 
Press (1966). Calculated depth to the water table in the 
third experiment was compared to static water levels in 
municipal wells MWC-32 and MWC-34, 350 feet away. 
To determine the size range and uniformity of aquifer 
material I conducted sieve analyses on sediment collected 
from the Clark Fork River bed and an excavation 20 feet into 
the vadose zone of the aquifer. I collected 50 pound 
samples "• two from the UM Stadium excavation at the northeast 
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side of "the campus and "two from an exposed bar in "the Clark 
Fork River- Bo"th excavation samples were collected from 
vertical faces in the pit. Sample 1 was taken from 5-15 
feet and Sample 2 from 15-20 feet. The river bar is located 
upstream from the confluence of Rattlesnake Creek and 
downstream from the UM Walking Bridge. Sample 3 was taken 
from a 1 foot square hole in the bar from 0-6 inches; Sample 
4 from 6-12 inches. 
I performed a coarse and fine sieve analysis on the 4 
samples at the US Forest Service Region 1 Materials Testing 
Laboratory. I prepared the samples by air-drying them for 
10 days. I used standard techniques (Folk, 1980 and Nimlos, 
1982). Six screens were used in the coarse analysis with 
37.5 millimeters (mm) the largest. For particles larger 
than this I measured the intermediate axis to determine the 
size. The samples were vibrated for 12 minutes in a Gilson 
Test Master. From the material passing 4.75 mm I split the 
sample into 500 gram portions for the fine sieve analyses. 
The samples for the fine sieve analyses were placed in 
nested screens and vibrated for 12 minutes in a Rotap. From 
the cummulative percent retained by weight on each sieve I 
plotted particle size distributions. The curves provided 
information on the size and uniformity of the aquifer 
material. 
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GROUND WATER MOVEMENT 
My investigation of ground-water movement, concentrates 
on the PIiocene-Holocene unconfined alluvial aquifer in the 
study area. The investigation includes establishing a 
monitoring well network, drilling 7 wells, monitoring 
ground water levels, preparing potentiometric maps and 
determining recharge and discharge areas. 
In May 1985 I began monitoring water levels in 5 wells 
near the Clark Fork River to examine the ground water 
response to changes in river stage. I used a steel tape 
graduated to the hundredth of a foot. The wells, MV-1, MV-4 
MV-6, MV-10 and MV-16 are between 400 feet (MV-4) and 1800 
feet MV-16) from the Clark Fork River. Their location is 
shown on Plate 1. I measured water levels weekly from May 
10, 1985 to June 6, 1985, biweekly from June 15 to December 
30, 1985, and monthly from January to May 1986. 
In July 1985 I initiated an investigation of the basin-
wide ground water flow pattern and its relationship with the 
rivers. I expanded the well network by 28 wells for a total 
of 33 wells. My criteria for well choice included access, 
long-term monitoring potential, driller's log availability 
and location in the flow system. Well locations are 
presented on Plate 1. Water levels were measured monthly 
from July 1985 to May 1986 
Using driller's logs collected at the local Water 
Rights Bureau I prepared an inventory of the 33 wells. In 
addition, driller's reports for 27 municipal supply wells 
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were also inventoried. The well inventory is presented in 
Appendix C. 
In December 1985, 7 project-designed monitoring wells 
were constructed to monitor water levels on a continuous 
basis. Their locations are shown on Plate 1 (MV-34 through 
MV-40). Five of the wells are located near river gaging 
sites. Well MV-35 is located midway between NW and NR, and 
MV-40 is located in the center of the study area. In 
January 1986 I included the project wells in the monthly 
water level monitoring program. 
The 7 project-designed wells were drilled dry with a 
forward air rotary drilling rig. Ten inch surface casing was 
set to 20 feet and six inch steel casing was advanced to 
approximately 10 feet below the water table. I collected 
lithologic samples at 5 foot intervals. The wells were 
perforated with a down-hole perforator from 5 to 10 feet 
above, and below, the water table. Five rounds of holes 
were cut each 0.10 feet long and 0.01 feet in width. The 
wells were grouted with a cement slurry which was poured in 
from the top of the ten inch surface casing as the ten inch 
casing was removed. To complete constuction, a steel 
instrument shelter was welded on each well. 
In January 1986, I installed 3 Stevens Type F 
continuous water level recorders on project wells MV-34, MV-
36 and MV-37. In addition, in July 1985 I installed a water 
level recorder on well MV-31. Water levels in MV-31 have 
been monitored quarterly by the USGS since 1959. 
In December 1985 and April 1986 casing elevations, in 
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feet above mean sea level, were surveyed by the Missoula 
County Engineers Office. Elevations are accurate to the 
hundredth of a foot. Using surface- and ground-water 
elevations, I prepared potentiometric maps. The 
potentiometric maps document the relationship between the 
rivers and the water table, and were interpreted to 
determine the direction of ground water flow and the 
location of recharge and discharge areas. 
HYDROLOGIC PROPERTIES 
This section presents the methods I used to evaluate 
the Missoula Aquifer's ability to store and transmit water. 
I determined hydrologic properties by conducting permeameter 
experiments, sieve analyses, analyses of specific capacity 
data from driller's logs and performing aquifer tests. 
To determine values for specific yield, porosity and 
hydraulic conductivity, I designed and constructed a 
constant-head permeameter. I collected a 40 gallon sample 
from the vadose zone of the aquifer. The collection site 
was a 20 foot deep stadium excavation on the northeast side 
of the University of Montana campus. 
The permeameter is constructed from a 55 gallon steel 
drum. After an initial design flaw, I redesigned the 
permeameter using proportions measured from a SoilTest 
constant-head permeameter. Figure 4 illustrates the 
permeameter. Two-inch PVC is used for plumbing. A 3/4 inch 
valve is used to drain water during SY determination. The 
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sample was air-dryed for several months and is supported in 
the drum by 2 layers of expanded metal. A 0.15 mm brass 
screen positioned between layers of fiberglass window screen 
above the supports prevents the loss of fine sample material 
and the screen is sized to prevent clogging. During 
implacement, I compacted the material in an attempt to 
simulate the in situ packing arrangement. 
During the experiment I added a measured volume of 
water to the dried sample from the bottom up until the 
sample was saturated. I calculated porosity from the volume 
of the sample and the volume of water added to it. I then 
allowed the sample to drain and collected the water. From 
the volume of water drained I calculated SY. I resaturated 
the sample 3 times allowing the sample to drain 24 hours 
between experiments. 
I calculated hydraulic conductivity from a variation of 
Darcy's Law. I used a 0.25 gradient which is close to the 
maximum gradient found between the Clark Fork River and the 
adjacent water table. (The gradient between the Clark Fork 
River and the water level in MV-35 is 0.30). I circulated 
water, at 10 degrees centigrade, through the permeameter and 
allowed it to reach steady state conditions. I collected a 
volume of water after 1 to 3 minutes and calculated K on 3 
seperate experiments. 
To calculate K values for the river bed, and additional 
values for the upper portion of the aquifer, I used sieve 
analyses data and techniques developed by Slichter (1899) 
and Terzaghi (1925). Both techniques were developed for 
24 
sands, ignor particle shape, and include porosity and 
viscosity values in their formulas. I used a porosity value 
of 0.26 and viscosity for water at 7.2 degrees Centigrade. 
Slichter's method incorporates mean grain diameter whereas 
Terzaghi uses the effective grain diameter (90% retained). 
Terzaghi believes that the narrowest pores controls the 
rate of fluid flow and that the effective grain diameter is 
a good estimation of this. 
I calculated aquifer transmissivity with two methods. 
In the first method I used information recorded on driller's 
reports. I modified a computer program to solve two 
equations developed by Jacob (1963a, 1963b). The program and 
equations are presented in Appendix B . I used several 
assumptions made by Theis (1963) and Walton (1970). To 
remain conservative with estimates of T, I assumed that 
the system was in transient conditions. Jacob's (1963a) 
first equation solves for T using specific capacity (Q/s) 
data and a graphical technique. It was developed for water 
table aquifers under transient conditions. Jacob's (1963b) 
second equation corrects the specific capacity value for the 
effects of partial penetration. It is intended for confined 
aquifers and steady state, or near steady state, conditions. 
To apply these equations to data from driller's tests on the 
Missoula Aquifer I assumed two additional things: 1) 
drawdown is small when compared to total saturated 
thickness, and 2) during the driller's test, the rate of 
drawdown becomes small after 1 to 3 hours of pumping and for 
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all practical purposes steady state conditions exist. 
The second method to calculate transmissivity, as well 
as horizontal and vertical hydraulic conductivity and 
specific yield, was aquifer testing. In April 1984 I 
conducted 5 aquifer tests using municipal wells MWC-32 and 
MWC-34 as pumping wells and MV-34 as an observation well. 
Pump discharge was constant during the tests (Bob Ward, 
personal communication on 4/23/86). I used a Stevens Type F 
recorder to monitor water level changes in MV-34. The clock 
speed was set to record one chart in 12 or 24 hours. The 
observation well is 53 feet deep and the aquifer is 
approximately 80 feet thick in the test vicinity. Figure 5 
illustrates the positions of the pumping and observation 
wells, and the Clark Fork River. The pumping tests varied 
in length from 135 to 330 minutes and their length was 
governed by demand in the water distribution system. 
I interpreted the data using theory developed for 
unconfined aquifers with delayed water table response. 
Neuman (1972, 1975) presents an explanation for 3 distinct 
segments of a time-drawdown curve. In the first segment the 
response of the water table lags behind the rate of drawdown 
in the rest of the aquifer. Water is released from storage 
due to the expansion of water under reduced fluid pressures 
and the compaction of the aquifer due to increased effective 
stresses (Freeze and Cherry, 1979). Flow to the well is 
essentially horizontal and the time-drawdown curve fits the 
Theis solution. In the second segment, the slope of the 
curve decreases thus deviating from the Theis curve. The 
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cone of depression doesn't expand as rapidly and is 
replenished by gravity drainage from the sediments. The 
sediments above the cone are dewatered as vertical flow 
occurs. In the third segment the time-drawdown curve 
converges on the Theis curve and water again flows 
horizontally to the pumping well. 
I analyzed the aquifer test data using standard 
techniques found in Ferris et al. (1962), Lohman (1983) and 
Krueseman and DeRidder (1983). 
In all 5 tests MWC-34 was pumping at 6100 gpm. In 
tests 1 and 2, in addition to MWC-34, MWC-32 was pumping at 
2940 gpm. I attempted to account for the effect of MWC-32 
on drawdown in MV-34 using an analytical technique developed 
by Rushton (1984). However, his method requires known 
values of T and SY, and stipulates that one well must be 
pumping before the start of the test. In tests 1 and 2 both 
wells began pumping at the same time. In the final analyses 
of tests 1 and 2, I disregarded the influence of MWC-32 
which results in a conservative estimate of T. 
Two additional problems occurred during the tests. The 
first was that I could not specify the starting and stopping 
times of the tests. Therefore, I had no indication if the 
aquifer was in an equilibrium condition at the start of the 
tests and not just recovering from previous pumping. The 
second problem was caused by the recorder float hanging up 
in the well bore. The result was a flat line on the 
recorder charts in several places. Since the Clark Fork 
River is only 430 feet away from MWC-34, the flat line could 
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be int.erpret.ed as representing "the intersection of a 
recharge boundary at late test times. 
In all 5 tests recovery between tests was incomplete. 
To deal with this problem I analyzed the data in two ways. 
In the first method I assumed that the system was at 
equilibrium at the start of the test. In the second method 
I assumed there was incomplete recovery from previous 
pumping. I drafted a theoretical recovery curve continuing, 
and extending beyond, the recovery curve recorded on the 
chart (see Appendix G). 
After plotting drawdown data determined from each 
method on 3 by 5 cycle full logarithmic paper, I used curve 
matching techniques and type curves found in Lohman (1983). 
I used Plate 7c developed for anisotropic unconfined 
aquifers with delayed yield responses. Plate 7c is intended 
for aquifer tests where the pumping well penetrates the 
bottom three-tenths of the aquifer and the observation well 
penetrates the top one-fourth of the aquifer. This 
configuration fits best with the design of MWC-34 and MV-34. 
The perforated interval of the pumping well extends from 
three-fifths to four-fifths of the aquifer thickness and the 
observation well penetrates the top one-fifth of the 
aquifer. I calculated values for SY, T, horizontal 
hydraulic conductivity (Kh) and vertical hydraulic 
conductivity (Kv). 
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WATER QUALITY SAMPLING 
An examination of the study area's water quality 
included sampling surface- and ground-water. These data were 
also correlated with ground water flow direction 
interpretations. Thirty-one monitoring wells, 6 municipal 
wells, and 2 locations on both the Clark Fork River (NW and 
NR) and Bitterroot River (BB and WM) were sampled in early 
February 1986. I followed a quality assurance protocol 
outlined in Woessner and others (1984) and the USEPA (1983). 
All samples were analyzed for gross ionic chemistry and 14 
samples were analyzed for trace metal water quality. 
The sampling procedure involved measuring temperature 
and specific conductance with a YSI Model 33 conductivity 
meter, and pH with a Beckman Model 72 Chem-Mate meter. 
Ground water samples were collected after field specific 
conductance stabilized. Normally, 5 to 15 minutes of 
pumping was neccessary. The samples were filtered through 
an inline GeoFilter 0.45 micron membrane filter apparatus. 
New filters were used for each sample. The filter apparatus 
was rinsed between samples with deinonized water. Before 
each sample the polyethylene "Cubitainer" containers were 
rinsed with filtered sample water 3 times. Samples were 
refrigerated, and analyzied within 24 hours by Richard Juday 
of the University of Montana Chemistry Department using 
standard USGS and USEPA methods. 
Surface water grab samples were collected in a bucket 
rinsed 3 times in river water. I used a hand-held 
peristalitic pump attached in-line to the filter apparatus 
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to collect the samples. 
I sampled private wells from a tap.nearest the well. 
Samples from the 7 project-designed wells were collected 
using a Keck Model SP-81 submersible pump. The pump was 
suspended in the perforated interval and water was pumped 
for 15 minutes. Municipal well samples were collected from 
a tap in the well house. All municipal well pumps were 
operating during sampling. 
Samples collected for trace metal analyses were 
collected in Cubitainers which were soaked for 2 hours in a 
50% HC1 solution. The containers were then rinsed with 
deionized water 3 times and air dried. After collection, 
the samples were preserved in the field with 3 millimeters 
of analytical grade HNO^. This brought the samples below 
the EPA recommended pH level of 2 for trace metal 
preservation (USEPA, 1983). The samples were analyzed for 
arsenic, cadmium, copper, iron, lead, mercury, zinc and 
manganese at Energy Laboratories in Billings, Montana using 
standard USEPA methods. 
For quality control I provided both labs with 
duplicates and blanks, and provided a standard for the trace 
metal laboratory. For the 41 samples analyzed for gross 
ionic chemistry, 3 duplicates were collected and 3 blanks 
were made using filtered deionized water. Included with the 
14 trace metal samples, were one blank and one duplicate. 
In addition a standard, prepared from SRM #1643b Trace 
Elements in Water from the National Bureau of Standards, was 
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sent along with the samples. 
SURFACE WATER -- GROUND WATER INTERACTION 
I investigated surface water -- ground water 
interaction by developing a surface water mass balance 
model, interpreting aquifer test data for the influence of a 
river recharge boundary and numerically modeling the river-
aquifer system. In addition, I verified the interaction by 
comparing the flux moving through the aquifer determined 
from potentiometric maps, the mass balance model and the 
numerical model. 
In April 1985 I initiated a study of the stage versus 
discharge relationships for the Clark Fork River and 
Rattlesnake Creek. I expanded the study in May to include 
water diverted from the Clark Fork River by 3 irrigation 
diversions. In June, I added 2 locations on the Bitterroot 
River. All gaging sites are located at bridges (Plate 1). 
I selected the gaging locations to develop a surface 
water mass balance model for the study area. Sites NW and 
SW are located at the first bridge (University of Montana 
Walking Bridge) on the Clark Fork River as it enters the 
valley. Sites NR and SR are located on Reserve Street 
Bridge which is the last accessible bridge on the Clark Fork 
River before the confluence with the Bitterroot River. Site 
RF is at Front Street Bridge on Rattlesnake Creek and is 
approximately 300 feet from the Clark Fork River. Site RL 
is located at Lolo Street Bridge on Rattlesnake Creek and 
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was chosen "to determine if Rattlesnake Creek is losing or 
gaining flow. Sites MD, OD and FD are at the first suitable 
gaging locations nearest the irrigation diversion headgates. 
Site BB is located at Buckhouse Bridge on the Bitterroot 
River and is the first bridge crossing the river as it 
enters the study area. Sites EM and WM are at McClay's 
Bridge and are the last bridge sites on the river before the 
confluence with the Clark Fork River. 
I measured river stage with a steel tape weighted with 
a brass cylinder from permanent reference points on the 
bridges. The measuring points were later surveyed and 
converted to elevation above mean sea level. In April and 
May I measured stage weekly to document the river response 
to spring runoff. From June to January 1986 measurement 
frequency was biweekly and in February 1986 to May 1986, 
monthly. 
I made all discharge measurements with a Price AA 
current meter suspended from a bridge crane or wading rod. 
I followed gaging procedures as outlined by Carter and 
Davidian (1969) and Buchanan and Somers (1976). I selected 
gaging dates to bracket the widest expected range of 
discharge. In addition, I conducted seepage runs on 
irrigation ditches to determine if flow is lost between 
gaged reaches. Discharge measurements at each site on the 
Clark Fork River, Rattlesnake Creek and Bitterroot River 
were made on the same day. 
From the measurements at each site I developed simple 
stage-discharge relations from a graphical analysis of the 
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data. I plotted the data on logarithmic plotting paper. I 
fit a line to the points by eye. Due to the paucity of 
discharge data I could not accurately represent the curve 
with low-, medium- and high-water ranges. Therefore the 
curves represent only a single straight-line fit to observed 
measurements. 
I developed the mass balance model for the Clark Fork 
River from the 23 observations of stage and from the stage-
discharge curves. I used the following equation: 
(NW + SW + RF) - (MD + OD + FD + NR + SR) = Discharge lost 
where: NW = Clark Fork River at North Walking Bridge 
SW = Clark Fork River at South Walking Bridge 
RF = Rattlesnake Creek at Front Street Bridge 
MD = Missoula Irrigation Ditch at its headgate 
OD = Orchard Homes Irr. Ditch at its headgate 
FD = Frenchtown Irr. Ditch at its headgate 
NR = Clark Fork River at North Reserve Street 
SR = Clark Fork River at South Reserve Street 
Since the discharge measurements are subject to 
possible error I performed an error analysis on the mass 
balance results. I took 5% and 10% of the discharge value 
at each measuring station and added up the total. I then 
added, and subtracted, this value to the discharge lost 
result from the mass balance equation to provide a 5% and 
10% possible error range. 
To further identify surface water -- groundwater 
interaction, I performed five aquifer tests. The location 
of the aquifer tests, 430 feet from the Clark Fork River, 
was chosen to determine if the Clark Fork River recharges 
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the pumping well. I specifically looked at data from late 
times during the tests to see if drawdown stabilized. If 
drawdown stabilizes, it is a result of the cone of 
depression intersecting a source of recharge equal to well 
discharge. 
As an additional method to verify the interaction 
between the Clark Fork River and Missoula Aquifer I 
calibrated a 2-dimensional finite difference numerical model 
of the study area. I initiated the modeling portion of the 
study with the intention of using the model to simulate the 
ground water response to changes in river stage, river 
recharge rates and pumping during the duration of the study. 
The final outcome, however, produced one model simulating 
steady state conditions on August 22, 1985. 
I used a physical flow model, called PLASM, developed by 
Prickett and Lonnquist (1971). This model was selected 
since it is the flow model for the solute transport model 
RANDOM WALK (Prickett and others, 1981). Therefore if the 
physical flow model was calibrated accurately it could be 
used to model contaminant transport. I modelled a portion 
of the aquifer between the Clark Fork River and Bitterroot 
River, and Mount Sentinel (Figure 6). I designed an 11 by 
14 variable grid which concentrates the node spacing along 
the Clark Fork River and accounts for river meanders. 
To calibrate the model I used results from the 
permeameter experiment, sieve analysis, driller's log 
analyses and the basin-wide distribution of water levels. 
In my approach I assigned constant-head boundary conditions 
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on "the Clark Fork River and Bitterroot. River, and a no-flow 
boundary on the eastern edge of the model. The model uses a 
vector volume concept in assigning aquifer parameters to 
nodes. This allowed me to specify both the direction and 
rate of flow along the boundaraies. I designed the 
boundaries to allow flow parallel, but not across, the 
boundaries. For the 109 interior nodes of the model I 
assigned hydraulic conductivity values, storage 
coefficients, initial head levels and aquifer thickness. 
Storage coefficients for constant-head boundaries are 10^ 
and for the rest of the nodes, 0.18. For aquifer thickness 
I assumed that the aquifer slope paralleled the slope of 
the land surface. I used land surface elevations from USGS 
topographic maps. This assumption is based on review of 
well logs were I found a lithologic change from coarse sand 
and gravel to predominantly clay and gravel at a maximum 
depth of approximately 130 feet from land surface. I 
decided to use this value throughout the model. From the 
slope of the water table, aquifer thickness in the model 
varies from 70 feet on the east to 120 feet on the west. 
Finally, I assigned river head levels calculated from river 
gradients and reference elevations on 8 bridges and the USGS 
gaging station below Missoula. Modelled head levels for 
eight Clark Fork River nodes, from NW to NR gaging 
locations, were reduced 10 to 20 feet in an attempt to model 
the water table below the river. 
Several hundred simulations were necessary to calibrate 
the model to the potentiometric surface on August 22, 1985. 
37 
My approach was to adjust, and readjust, 3 variables: 
hydraulic conductivity, thickness and boundary conditions. 
The model is least sensitive to changes in the original 
assignment of boundary conditions. Three values of K are 
included in the model: 30,000, 50,000 and 100,000 gpd/ft^ 
(Fig. 7). For aquifer thickness, the model responded best 
to thining the aquifer to 60 feet on the northeastern no-
flow boundary and thickening the aquifer to 130-160 feet in 
the north central portion of the model. 
After calibration to steady state conditions, I 
attempted to modify the model to acount for induced 
infiltration from the Clark Fork River. I used 7 river 
nodes representing the Clark Fork River between NW and NR 
gaging sites. 
The river-aquifer flux is buffered by the river bed 
interface. The flux is a function of the hydraulic 
conductivity of the river bed and the gradient between the 
river surface and the base of the river bed. I used steady 
state modeling results and the following equation (Prickett 
and Lonnquist, 1971 and Barker et al., 1983) to calculate 
river node recharge rates: 
Q = (P/m) x A x i 
s 
where: 
Q = recharge rate through the river bed 
P = hydraulic conductivity of the river bed 
m = river bed thickness 
A = area of the river in the node 
i = head difference between the river surface and 
the base of the river bed 
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For each node I calculated Q with Darcy's Law for 
unconfined aquifers using data from steady state modeling 
2 
results. I used a P value of 50,000 gpd/ft assuming it is 
similar to aquifer hydraulic conductivity. For the 
thickness of the river bed I used a value of 1 foot (Barker 
et al., 1983). The area of the river in each node was 
determined from an average width of 200 feet and length of 
2100 feet. I calculated the gradient using a 5 foot head 
difference assuming 4 feet of water in the river on August 
2 2 .  
After reassigning water levels below the river surface, 
a storage coefficient of 0.18 and recharge rates to the 7 
river nodes I attempted to run the model to steady state 
conditions. The model was intended to build-up the water 
table below the river to the base of the river bed and 
reproduce the steady state potentiometric surface. I 
adjusted recharge rates for the 7 nodes in excess of 100 
times and the best results were a poor representation of 
steady state conditions. 
To verify the accuracy of my mass balance results, 
I cross checked them with a calculation of the flux moving 
through the aquifer parallel to the river on August 22, 1985 
and February 28, 1986. I used calculations based on my 
potentiometric maps and my numerical model. In the 
comparison I used Darcy's Law for unconfined aquifers and a 
cross section of the aquifer at the northeast end of the 
study area. I also assumed, from potentiometric maps, that 
half of the discharge lost from the river appears to move 
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north and half moves south of the river. I used a K of 
30,000 gpd/ft^, an aquifer thickness of 97 to 110 feet 
depending on the position of the water table, and from the 
two potentiometric maps, a 10 foot head difference in 3500 
feet to calcualte flux. I used the aquifer properties in the 
2 model data file including a K of 50,000 gpd/ft , a thickness 
of 75 feet and a 4 foot head difference in 1400 feet to 
calculate a third flux value. 
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CHAPTER 4 
RESULTS AND INTERPRETATIONS 
Chapter 4 is a summary of the results generated by my 
methodology. It is organized into sections identical to 
to those found in Chapter 3. 
AQUIFER DESCRIPTION 
Information derived from driller's reports for most 
monitoring and municipal wells is presented in Appendix C. 
All provide data on the thickness of the vadose zone but 
only a few wells in the valley provided values for the 
saturated thickness of the Missoula Aquifer. Municipal 
wells penetrate approximately 50 to 110 feet, and 2 wells 
from Brietkrietz (1964) yield values of 104 and 156 feet 
north of the Clark Fork River. From review of the well logs 
I believe that the aquifer is restricted to the valley 
floor. The aquifer is predominantly composed of coarse sand 
and gravel. An example of two municipal well logs 
illustrate aquifer lithology and approximate thickness 
(Figure 8). I interpreted aquifer thickness by noting a 
lithologic change from coarse sand and gravel to 
predominantly clay and gravel. 
Results from the geophysical experiments did not 
provide an aquifer thickness but did indicate a two-layer 
system -- saturated and unsaturated sand and gravel. At the 
locations east of the Walking Bridge the calculated seismic 
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velocities are well below values in Press (1966) and 
Woessner and others (1984). Depth to the water table 
averaged 14 feet in February 1985. The saturated layer 
velocity from the experiment west of the Walking Bridge was 
6,975 feet per second (ft/s). This value falls within the 
bracketed values of 5,000 to 8,000 ft/s Woessner et al. 
(1984) reported for saturated sand and gravel located 7 
miles east of Missoula. Depth to the water table was 51 
feet. This value is approximately 15 feet greater than the 
water table in well MV-34 completed in December 1985. 
The refraction results are inconsistent and inaccurate. 
I attribute this to several factors: 1) a low signal-to-
noise ratios caused by heavy machinery, 2) a poor geophone 
"fit" into the ground due to the absense of soil, 3) high 
winds on the days of the experiments, and 4) errors in 
determining first arrival times. I decided against further 
experiments since a three-layer system wasn't observed. I 
believe that the acoustic impedance between the sand and 
gravel deposit and the Renova equivalent sediments is too 
low to be recognized with this equipment, and/or that the 
interface is deeper than what the equipment can record. 
Results of the sieve analyses provided information on 
the size range and uniformity of aquifer material. The 
results are presented in Table 1. 
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TABLE 1 
SIEVE ANALYSES RESULTS 
Sample 1 Sample 2 Sample 3 Sample 4 
Effective 0.50 0.55 4.0 0.55 
diameter (mm) 
Mean 19.8 53.5 79.7 60.3 
diameter (mm) 
Uniformity 44 91 30 104 
coefficient 
Slichter 47,722 688,813 1,528,659 876,009 
K in ft/d 
Terzaghi 373 452 23,897 452 
K in ft/d 
Inclusive 2.31 2.92 3.18 2.74 
graphic 
standard 
deviation 
(phi) 
From the sieve analyses I conclude that all 4 samples 
are very coarse and very poorly sorted. Using the modified 
Wentworth grain-size scale, 90% of the sediment is at least 
coarse sand size. Mean diameters are in the coarse to very 
coarse pebble range. The uniformity coefficients (average 
slope of grain size distribution curve between 90% and 
40% retained) are high and indicate non-uniform sorting. 
A perfectly uniform material has a uniformity coefficient of 
one. Coefficients of all values exceed 30. Values for 
inclusive graphic standard deviation (Folk, 1980) indicate 
that each sample is very poorly sorted. 
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GROUND WATER MOVEMENT 
Results of this portion of the study provide well 
hydrographs on a seasonal and continuous basis. In 
addition, valley-wide potentiometric maps show changes in 
groundwater levels in response to changes in river stage and 
leakage rates. 
Hydrographs of wells MV-4, MV-6, MV-10, and MV-16, 
measured since May 1985, are presented in Figure 9. Monthly 
water level measurments for the 28 additional monitoring 
wells are presented in Appendix E. 
Potentiometric maps on August 22, 1985 and February 28, 
1986 are presented in Figures 10 and 11. The August map 
represents the first date with water table elevations for 
the initial 33 monitoring wells. It shows that the dominant 
pattern of ground water flow is WSW toward the confluence of 
the Bitterroot and Clark Fork Rivers. The potentiometric 
surface in February represents the lowest ground water 
levels during the study. Ground water flow is in the same 
general direction moving away from the Clark Fork River 
between river gaging stations NW and NR. However, in 
February the potentiometric lines have shifted toward the 
Clark Fork River. This seasonal shift indicates that the 
ground water system reacts to variations in recharge rates 
from the Clark Fork River. 
46 
3.150 
3.149 
3.148 
3.147 
3.146 
jjj 3.145 
9 3.144 
0^ 3.143 
*•0 
* jj 3.142 
X 2 3.141 
® 3 
* 2 3.140 
d5 3H 3 1 39 
q 3.136 
gj 3.137 
3.136 
3.135 
3.134 
3.133 
3.132 
WELL HYDROGRAPHS 
ITELLS NEAR THE RIVER 
MV-4 
MV-6 
MV-10 
MV-16 
40 76 207 138 289 
Figure 9 -
DAYS since April 1, 1985 
Hydrographs of Wells MV-*+, MV-6, MV-10 and MV-16 
•F 
CD 
POTENTIOMETRIC SURFACE 
August 22, 1985 
Contour Intorvol S or 10 Foot 
MISSOULA 
T 
Scolo 
rt 
A 
Y / I. 
Figure 10. Potentiometric Map on August 22, 1985 
•p-
VO 
POTENTIOMETRIC SURFACE 
February 28, 1986 
Contour Intorval 6 or 10 Foot MISSOULA 
r 
1 Mllo 1 
9 /' VI I ! 
Figure 11. Potentiometric Map on February 28, 1986 
HYDROLOGIC PROPERTIES 
My investigation of the aquifer's hydrologic properties 
provided several values of T, SY and K. Values determined 
from the various methods were generally in the same order of 
magnitude. The investigation also provided values for n, Kh 
and Kv. 
The result of the permeameter experiment provided the 
only measured value of porosity of the Missoula Aquifer. In 
addition, it supplied values for specific yield, specific 
retention, porosity and hydraulic conductivity. The 
measured values are: 19.7% for porosity, 11.5% for specific 
yield, 8.2% for specific retention, and an average hydraulic 
conductivity of 1,386 ft/d. 
The sieve analyses provided K values for the aquifer 
and river bed. Hydraulic conductivity values computed with 
Slichter's (1899) method and Terzaghi's (1925) method vary 
over 2 orders of magnitude (Table 1). This reflects the 
differences in mean and effective grain diameters which vary 
400% and 800% respectively. An average K value for the 4 
samples computed with both methods is 395,800 ft/d 
(2,953,710 gpd/ft2). 
Results of the driller's log analyses contributed 
values for aquifer transmissivity. Estimates for 
transmissivity generated from the computer program PTRAN are 
presented in Table 2. Transmissivity values range from 
41,000 to 161,000 gpd/ft for domestic wells and from 48,000 
to 9,752,000 gpd/ft for municipal wells. An average value 
for T is 1,098.000 gpd/ft. All domestic wells are open-
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ended and a aquifer penetration value of 1 foot was used. 
This assumption along with sketchy thickness data may cause 
inaccurate results. The municipal wells, however, are 
perforated. All data were corrected for partial penetration 
which results in higher than reported specific capacity 
values. All T values I calculated depend on the accuracy of 
the driller's measurments. 
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TABLE 2 
PTRAN RESULTS FROM SPECIFIC CAPACITY DATA 
Municipal 
MWC-3a 1,782,000 1,084 
MWC-8 48,000 38 
MWC-9 165,000 113 
MWC-13 57,000 49 
MWC-19 884,000 1,800 
MWC-20 324,000 248 
MWC-21 262,000 167 
MWC-25 78,000 56 
MWC-26 1,764,000 1,029 
MWC-27 4,598,000 2,396 
MWC-29 225,000 181 
MWC-30 478,000 360 
MWC-31 919,000 640 
MWC-32 9,752,000 4,635 
MWC-34 4,311,000 2,334 
Private 
MV-2 161,000 122 
MV-3 48,000 45 
MV-4 82,000 61 
MV-5 41,000 39 
MV-10 62,000 56 
MV-14 57.000 46 
MV-15 71,000 68 
MV-26 112,000 88 
MV-29 59.000 54 
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Several problems with driller's techniques and logs may-
cause errors with the generated T values. For wells ten 
inches in diameter and less, forward rotary rigs are 
commonly used in the valley. Once drilling is completed the 
wells are "blown" (pump tested) with air for variable 
amounts of time. The time is usually rounded to even hours. 
Drawdown is difficult to determine once "pumping" has ended. 
With air rotary rigs discharge is measured with a bucket and 
watch. It is typically not measured frequently and changes 
in discharge may go undetected. Wells drilled with cable 
tool rigs are usually pumped and drawdown and discharge 
values can be more accurate. Finally, most wells are 
completed within the aquifer and total aquifer thickness 
values must be interpreted for the T analyses. I believe 
the T values generated from perforated aquifer intervals 
with known aquifer thickness, cable tool drilling methods, 
and pumping tests of at least 4 hours provide the most 
accurated results. Transmissivity values from municipal 
wells (MWC) fit these criteria best and avererage 1,700,000 
gpd/ft. 
Results of the five aquifer tests provide 
transmissivity values in excess of 600,000 gpd/ft and 
specific yield values similar to values calculated with the 
permeameter. Tests 4 and 5 show the effect of a recharge 
boundary at late times during the tests. Maximum drawdown 
in MV-34, 357 feet away from MWC-34, is 0.70 feet (test 2). 
Time-drawdown curves for each test are found in Appendix G. 
Table 3 summarises aquifer test results. Transmissivity 
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(rounded "to "thousands), SY, Kh, and Kv values were 
calculated from Plate 7c found in Lohman (1983). 
TABLE 3 
AQUIFER TEST RESULTS 
1. V-'-fJ V'C hb 
r.  / \_V •; _ 
TEST 1 TEST,x2 TEST 3 , TEST 4 TEST 5 
Date 4/14/86 4/15/86 4/23/86 4/23/86 4/24/86 
MWC-34 Q in gpm 6100 6100 6100 6100 6100 
MWC-32 Q in gpm 2940 2940 - - — 
Length of test 150 330 225 210 142 
in minutes 
Initial water 3152.93 3153.05 3152.93 3152. . 08 3153.33 
level 
Recovery time 233 105 82 60 45 
in minutes 
Max. drawdown 
CO o
 0. 70 o
 
CD
 CO o
 
CO Tf O
 
in feet 
ASSUME FULL 
RECOVERY 
T in gpd/ft 3993000 1910000 4880000 3135000 5856000 
SY 0. 27 0 . 17 0.07 0.06 0 . 03 
Kh in ft/d 5680 2720 6940 4710 8330 
Kv in ft/d 190 90 230 160 280 
ASSUME INCOMPLETE 
RECOVERY 
T in gpd/ft 676000 2622000 764000 606000 4623000 
SY 0 . 07 0 . 08 0. 10 0.07 0.03 
Kh in ft/d 960 3730 1100 860 6580 
Kv in ft/d 140 120 160 130 220 
Transmissivity values vary considerably and range from 
606,000 to 5,856,000 gpd/ft. Generally lower values of T 
were determined by assuming incomplete recovery between 
tests (greater drawdown). Transmissivity values from tests 
1 and 2, with two wells pumping, are in the same order of 
magnitude and support values for tests 3, 4 and 5. However, 
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since I couldn't determine the drawdown in the observation 
well due to the pumping of MWC-32, my recommendation is to 
disregard tests 1 and 2. In addition, test 3 was influenced 
more by previous pumping schedules than tests 4 and 5. 
Therefore I believe that tests 4 and 5 are most 
representative of the aquifer's behavior. 
Variations in T, SY, Kh and Kv from tests 4 and 5 
reflect the two different assumptions I made to calculate 
them. Assuming complete aquifer recovery between tests, 
transmissivity and hydraulic conductivity values are greater 
than those calculated by assuming incomplete recovery. 
Specific yield values ranged from 0.03 to 0.07. Depending 
on the assumptions made, Kh is 7 to 30 times greater than Kv 
(Table 3). 
Average values for T, SY, Kh and Kv from the tests are 
impossible to determine. The tests were not strictly 
controlled due to the inability to dictate when the tests 
began and when they stopped. The aquifer was never at an 
equilibrium condition when pumping began and the tests were 
terminated before a recharge boundary could be firmly 
determined. However, the aquifer properties are in the same 
range as those determined from driller's log specific 
capacity data corrected for the effects of partial 
penetration. 
54 
WATER QUALITY SAMPLING 
Water chemistry results show a strong similarity 
between the inorganic chemistry of the Clark Fork River and 
the ground water. In addition, inorganic and trace metal 
chemistry results indicate that the valley has overall good 
water quality based on guidelines from the Drinking Water 
Standards for groundwater (WQB, 1982). 
A tabulation of gross ionic and trace metal chemistry 
is located in Appendix F. Analyses for trace metals were 
all below detection limits. Figure 12 is a map of stiff 
diagrams representing gross ionic chemistry at both surface-
and ground-water sampling locations. The figure indicates 
that ground water in the study area is very similar to Clark 
Fork River water. However, it is dissimilar to Bitterroot 
River water and water in the Rattlesnake Creek drainage. 
These data support potentiometric maps showing ground water 
moving away from the Clark Fork River. 
Review of the data on nitrate concentrations shows 
areas of elevated nitrate levels. Surface water samples 
have between 0.15 and 0.24 mg/1 nitrate. Background ground 
water nitrate concentrations are in the 0.10 to 0.40 mg/1 
range. Elevated levels occur in the Rattlesnake area, an 
area north of the NR gaging site, and in the southern and 
western portion of the study area. Generally, nitrate 
concentrations increase from east to west. Elevated nitrate 
levels in the southern and western portion of the study area 
coincide with shallow ground water levels (6 to 30 feet 
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Figure 12. Stiff Diagrams of Water Chemistry in February 1986 
below land surface) and on-site septic disposal systems. 
Drinking Water criteria for nitrates is 10 mg/1 and no 
immediate health hazard exists. The highest nitrate level, 
1.63 mg/1, is found in MWC-14. In general, based on 
nitrate concentrations, ground water quality degrades in the 
direction of ground water flow. 
SURFACE WATER -- GROUND WATER INTERACTION 
Results of the surface water -- ground water 
interaction portion of the study indicate that the Clark 
Fork River has a measurable influence on the ground water 
system. This is documented in mass balance resluts, aquifer 
test data and results from numerical modeling. In addition, 
the interaction is verified by similar values of flux 
calculated from potentiometric maps, the mass balance model 
and the numerical model. 
Results from the surface water mass balance model 
provide data on river discharge at a particular stage value, 
stage versus discharge curves and mass balance results. 
I measured up to 5 river discharges at each gaging 
station from April 1985 to September 1985. The compilation 
of the results is presented in the following table. 
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TABLE 4 
SURFACE WATER 
DATE STATION STAGE (ft) 
4/12/85 NW 3176. 04 
4/20 NW 3177. 23 
5/10 NW 3177 . 95 
5/24 NW 3178. 52 
8/1 NW 3174. 27 
4/12 SW 3180. 39 
4/20 SW 3180. 92 
5/10 SW 3181. 07 
5/24 SW 3181. 45 
8/1 SW 3180 . 37 
4/13 NR 3144. 04 
4/21 NR 3144. 71 
5/10 NR 3145. 82 
5/24 NR 3146. 41 
8/1 NR 3141. 44 
4/13 SR 3143. 50 
4/21 SR 3144 . 40 
5/10 SR 3145 . 25 
5/24 SR 3145. 97 
4/13 RF 3178. 63 
4/20 RF 3178. 75 
5/3 RF 3179. 49 
5/24 RF 3179. 42 
7/2 RF 3177. 52 
5/3 RL 3296. 97 
5/24 RL 3296. 51 
7/2 RL 3295. 02 
5/11 MD 3179. 14 
5/17 MD 3179. 85 
7/9 MD 3179. 81 
8/27 MD 3179. 21 
9/11 MD 3179. 11 
5/11 OHD 3172. 08 
5/17 OHD 3171. 94 
7/9 OHD 3171. 54 
9/5 OHD 3171. 55 
5/11 FD 3161. 89 
5/17 FD 3162. 12 
7/9 FD 3162. 58 
9/5 FD 3161. 83 
GAGING RESULTS 
DISCHARGE (cfs) Vav.(ft/s) 
3204 3 . 94 
5425 5.01 
6515 5.41 
8002 5. 84 
775 1. 89 
210 4. 25 
307 4 . 77 
387 5. 29 
450 5. 75 
88 0. 83 
2609 4. 70 
3856 6. 22 
5389 7 . 14 
6746 7 . 67 
691 3. 95 
358 2. 71 
888 2. 57 
1416 2. 53 
1749 2. 53 
238 4. 27 
327 4. 62 
768 7 . 36 
801 8.08 
88 2. 22 
790 7. 50 
780 7 . 35 
78 2. 35 
73 1. 50 
108 — 
105 2. 61 
65 2. 36 
58 2. 22 
29 1. 93 
28 — 
13 1. 70 
16 1. 11 
28 2. 51 
38 - -
41 1. 12 
20 0 . 90 
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6/12 BB 3119.20 5520 3.61 
7/17 BB 3115.35 702 1.01 
9/5 BB 3115.77 678 0.97 
6/17 EM 3099.50 399 3.62 
7/17 EM 3097.07 10 
6/17 WM 3099.40 4928 3.04 
7/17 WM 3096.38 775 1.07 
Results from seepage runs on irrigation ditches in 
August and September 1985 are presented in Table 5. I gaged 
each ditch at its headgate and at the last location before 
water was diverted from the ditch. 
TABLE 5 
RESULTS FROM IRRIGATION DIVERSIONS SEEPAGE RUNS 
DATE DITCH MEASURING DISTANCE FROM DISCHARGE GAIN/LOSS 
POINT LAST STATION (cfs) (cfs) 
8/27 MD Headgate 65 
CF Station 2,800 59 -6 
Calif. St. 4,700 59 0 
9/11 MD Headgate 58 
CF Station 2,800 55 -3 
Calif. St. 4,700 53 -2 
9/5 OHD Headgate 15 
Calif. St. 4,200 14 -1 
9/5 FD Headgate 20 
Mullan Rd. 4,600 22 +2 
From the discharge and stage measurements at each 
gaging location I prepared simple stage versus discharge 
curves. The curves are located in Appendix D. 
I checked my discharge measurements at NW and SW with 
the discharge rating curve at the USGS gaging station above 
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Missoula. My discharge results are 5 to 9 % greater. This 
is due to either a 5 to 9 % error in my measurements, or a 
gain in discharge between the stations. 
Discharge lost from the Clark Fork River is controlled 
by the wetted perimeter, hydraulic conductivity of the river 
bed and gradient which govern the rate river water can 
infiltrate to the aquifer. The surface area, or wetted 
perimeter, of the river bed is the area over which 
infiltration occurs. At higher flows the area increases 
which allows a greater surface area for infiltration. The 
head of water in the river, also related to river discharge, 
provides the energy needed to drive water through the river 
bed. At higher flows a larger infiltration rate is possible. 
The third controlling factor is the permeability of the 
river bed. Since the river bed is not structurally stable, 
material moves and is rearranged during flow events which 
changes the permeability. The permeability is altered by 
movement of fine material into pore spaces, the deposition 
of a layer of fine material during low flow periods, the 
growth algae on the river bed, and anchor ice on the river 
bed in the winter. Burkham (1970) reports that the 
modification of the surface layer by fines is similar to a 
valve reducing infiltration as fines are deposited. Moore 
and Jenkins (1966) found that this relatively thin skin of 
silt and clay sealants is the principal control of river bed 
infiltration. In addition, in the Clark Fork River, the 
presence of algae or anchor ice on the river bed my have a 
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measurable influence on river bed permeability. 
The permeability and area of the streambed, and the 
stage of the river are related to river discharge. This 
suggests that at higher flows more river bed leakage is 
possible. Norris (1970) found that at higher flows the 
river bed is progressively cleaned causing the permeability 
to increase and therefore, river bed leakage. 
The stream gaging procedure, which was used to 
determine the volume of water lost to the aquifer on a given 
day, is subject to possible error. Table 6 presents 5% and 
10% error ranges for 7 days encompassing high, medium and 
low discharge lost values. Although the analysis suggests 
the possibility of gain in river discharge, I believe that 
this is improbable. I think the measured value is close to 
the real value because I was consistant in my gaging 
procedure and used the same well maintained equipment. 
Finally, to get a gain in river discharge, the water table 
gradient must be directed toward the river. During the one 
year study the gradient was always away from the river 
between NW and NR gaging stations. 
TABLE 6 
MASS BALANCE ERROR ANALYSES 
Date Measured Q Error Range Error Range 
lost (cfs) Q 5% (cfs) Q 10% (cfs) 
4/20/85 1315 1855 to 775 2395 to 235 
5/10/85 377 1089 to -335 1803 to -1049 
5/24/85 528 1427 to -371 2326 to -1270 
6/15/85 618 1025 to 211 1432 to -196 
7/31/85 99 188 to 11 276 to -78 
10/10/85 351 540 to 162 730 to -28 
2/3/86 45 218 to -128 390 to -300 
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The discharge lost, from the river calculated from the 
mass balance equation is presented in two figures. Figure 13 
shows the relationship of discharge lost from the Clark Fork 
River versus the time since April 1, 1985. In addition, the 
stage at NW is included to show how discharge lost from the 
river relates to river stage. The discharge lost generally 
coincides with river stage, varying from 1,315 cfs on April 
20, 1985 to 45 cfs on February 3, 1986. The figure shows 
that the peak in discharge lost from the river is before 
peak river stage. A possible explaination is that the river 
bed was "flushed clean" by an early April discharge event. 
The Clark Fork River discharge increased from 2,170 cfs on 
April 6 to 5,340 cfs on April 19, 1985. This increase may 
have removed fine material and algae, which allowed maximum 
river bed leakage with a relatively high river bed 
permeabi1ity. 
The position of the water table relative to the river 
surface also seems to control leakage rates. During lowest 
ground water levels and low river levels on February 3, 1986 
the gradient between MV-34 and the river surface was 0.15 
(25.2 feet of head difference in 172 feet). Between MV-36 
and the river on the same day the gradient was 0.37 (23 feet 
of head difference in 62 feet). By May 5, 1986, as both 
river and ground water levels increased, the gradients 
decreased to 0.12 at MV-34 and 0.34 at MV-36. This suggests 
that at high flows the gradient between the river and water 
table decreases. Although the observed gradient changes are 
small, the gradient may influence leakage rates most at low 
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Figure 13. Loss of Clark Fork River Discharge vs. Time and Clark Fork River Stage 
ground water levels. If true, this theory is probably 
applicable in late July and late August when discharge lost 
seems disproportionally high. This may be due to low ground 
water levels causing a high gradient between the river and 
water table which may have allowed more leakage. 
Figure 14 is a plot of the discharge lost from the 
river as a percent of the Clark Fork River discharge at NW 
and SW. With considerable variation, average discharge lost 
is 13.7 % of the Clark Fork River discharge. Note that the 
same 3 anomolies (late April,July and August) are present. 
This figure indicates that a simple river stage versus river 
leakage relationship is probably inappropriate for the Clark 
Fork River between NW and NR stations. However, Figures 13 
and 14 show that the Clark Fork River provides a measurable 
amount of water to the aquifer. 
Results from two of the five aquifer tests indicate 
that the Clark Fork River contributes water to wells pumping 
near the river. In tests 4 and 5 later drawdown data 
represents the influence of intersecting a recharge boundary 
(Appendix G). In test 4, after 113 minutes of pumping, 
drawdown stabilized at 0.48 feet. In test 5, drawdown 
stabilized after about 113 minutes at 0.43 feet. 
To verify that the data represents a recharge boundary 
and not the recorder float hung up in the well, I used image 
well theory to test my interpretation (Freeze and Cherry, 
1979). In the analysis I assumed that the boundary was 
linear and penetrated the full thickness of the aquifer and 
used well functions developed for unconfined aquifers at 
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la-te "test times. I used T and SY values calculated from both 
the complete and incomplete recovery analyses. In test 4, 
with image well theory and assuming complete recovery, 0.20 
feet of drawdown is expected in MV-34 after 113 minutes of 
pumping at MWC-34 and "recharge" at the image well. 
Assuming incomplete recovery (lower T) 0.41 feet of drawdown 
is expected. This value fits best with the observed 
drawdown of 0.48 feet. In test 5, assuming complete 
recovery, the image well theory drawdown at MV-34 is 0.10 
feet. Assuming incomplete recovery the expected drawdown is 
0.16 feet. The measured drawdown however, is 0.43 feet. 
This discrepancy is probably caused by T values being too 
high. Regardless, I believe a recharge boundary is 
intercepted in each test since drawdown in MV-34 stabilized 
at 0.43 to 0.48 feet after 113 minutes of pumping. 
It is curious that tests 1, 2 and 3 show no influence 
of a recharge boundary Tests 4 and 5 were generally 
shorter tests and apparently indicate the effects of a 
recharge boundary. The location of a recharge boundary, 
namely the Clark Fork River, was the main reason that 5 
municipal wells are located within 500 feet of the river. 
A possible explanation why only tests 4 and 5 show the 
influence of a recharge boundary is that natural recharge 
from the Clark Fork River was occuring during the five 
tests. This will allow the cone of depression to intersect 
the recharge boundary in a shorter amount of time than in 
the previous tests. During the 5 tests, initial test water 
levels in MV-34 increased 0.40 feet. This probably reflects 
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a combination of aquifer recovery and natural recharge from 
the river. The hydrograph of MV-34 shows an increasing 
trend in water levels from February 27 to May 5, 1986. 
Water levels rose 3.31 feet even with both MVC-32 and MWC-34 
pumping. And from the mass balance results April is the 
month with highest recharge rates from the river. Therefore 
the effect of natural Clark Fork River recharge is probably 
more significant than water table recovery from previous 
pumping in this time of the year. 
Results from numerical modeling suggest that it is 
possible to partially simulate the interaction between the 
Clark Fork River and ground water system. In the experiment 
I adjusted boundary conditions, aquifer thickness and K to 
simulate the August 22, 1985 potentiometric surface. 
Initial simulations generated a northwest-southeast series 
of parallel potentiometric lines adjusted to the constant-
head boundaries. The real potentiometric lines have a 
pronounced westward bow in the western half of the modelled 
area. To reproduce the bow I first tried reassigning the 
Clark Fork River constant-head boundary from NR to the 
confluence of the Clark Fork River and Bitterroot River 
rivers to a no-flow boundary. The model responded by 
shifting the potentiometric lines to the east. I then 
reestablished the boundary as a constant-head boundary and 
began adjusting K and thickness. By increasing the K and 
thickness in the north central part of the model 
transmissivity increased (Figure 7). This allowed the 
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model to transmit more water in this area and produce the 
bow in the potenetiometric lines. The model responded best 
2 to a K of 100,000 gpd/ft and an aquifer thickness of 130 to 
160 feet in this area (Figure 15). 
Three other areas of the model also needed refinement. 
On the northeastern no-flow boundary the initial generated 
heads were too low. To raise the head levels I thinned the 
aquifer to approximately 60 feet. The second problem area 
was the stair-stepped no-flow boundary where heads were too 
high. Here I made the aquifer 70 to 100 feet thick which 
lowered heads to within 3 to 5 feet of the real values. 
Neither further thickening or increasing K generated the 
correct distribution of head levels along the boundary. The 
third problem area was the western third of the model where 
initial heads were too low. To raise heads I decreased K 
2 to 30,000 gpd/ft . The result of this produced a fair 
/ 
representation of the real head levels. The final data file 
used in the model is located in Appendix H. 
In general, steady state modeling results indicate that 
it is possible to partially simulate river-aquifer 
interaction. The best reproduction of the potentiometric 
surface on August 22, 1985 is shown in Figure 15. It 
represents the Clark Fork River and Bitterroot River, at 
specified head levels, with the potentiometric surface 
adjusted to the rivers. The principal deviation between the 
real and generated surface occurs along the stair-stepped 
no-flow boundary. Generated head levels are higher than 
actual levels. Since water level data are sparse along the 
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CLARK FORK RIVER POTENTIOMETRIC SURFACE 
AUGUST 22 ,  1985  
GENERATED 
BlTTERROOT RIVER 
Figure 15. Potentiometric Surface From Steady State Model on August 22, 1985 
boundary the generated surface may not be invalid. 
The result of the induced infiltration steady state 
model provided a poor reproduction of the potentiometric 
surface in the northeastern part of the model and is not 
worth presenting. The model would not accept the recharge 
values I calculated. I had to reduce recharge rates 
approximately 75 % to get the model to run. The best 
simulation shows that localized head levels in the 
northeastern part of the model were up to 18 feet lower 
than real values. This indicates that aquifer properties 
included in the model need refinement or that my conceptual 
model of the the system is wrong. The root problem, 
however, may be related to grid spacing. The Clark Fork 
River is perched about 20 feet above the water table and 
occupies one-seventh of the node area. My inaccurate 
results indicate that the Clark Fork River should be 
modelled by individual nodes scaled to the river's 
dimensions. 
The similarity in flux moving through the aquifer 
calculated from the steady state numerical model, the mass 
balance model and potentiometric maps verifys the 
interaction between the Clark Fork River and the ground 
water system. On August 22, 9,050 gpd leaked from the river 
per unit length of the river-aquifer interface. From the 
potentiometric surface in August the flux was 8,750 gpd per 
unit width of aquifer adjacent to the river -- a 3 % 
difference. On February 28 the mass balance flux was 7,472 
gpd per unit width of the river-aquifer interface and 6,926 
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gpd per unit, width of aquifer from the potentiometric 
surface -- a 7 % difference. The steady state modeling flux 
rate on August 22 was 10,942 gpd per unit width of aquifer. 
The steady state modeling flux is 17 % greater that the mass 
balance result and further refinement of the model is 
necessary. I conclude that the flux rate based on mass 
balance and potentiometric surface data are probably 
correct. 
71 
CHAPTER 5 
DISCUSSION 
This chapter is organized into three sections. The 
first is a discussion of aquifer properties generated from 
the study The second section is a discussion of the 
interaction between the Clark Fork River and the unconfined 
sole-source aquifer. Included in this section are several 
conclusions about river-aquifer interaction. The third 
section is a discussion of the feasibility of additional 
ground water development near the Clark Fork River 
AQUIFER PROPERTIES 
The Missoula Aquifer is composed of poorly consolidated 
coarse sand and gravel. It occupies the valley floor and is 
approximately 50 to 110 feet thick. The aquifer receives 
its principal source of recharge from the Clark Fork River. 
The dominant trend of ground water flow is WSW from the 
Clark Fork River towards the confluence of the Bitterroot 
and Clark Fork Rivers. The aquifer is prolific and has 
tremendous hydrologic properties. 
I believe my investigation of the unconfined aquifer in 
the Missoula Valley provides a solid estimation of aquifer 
properties. Furthermore, aquifer properties derived from 
aquifer tests, permeameter experiments and driller's log 
analyses are most accurate. I have little faith in K values 
calculated from sieve analyses because the techniques are 
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intended for sands and not coarse sand and gravel, and the K 
values are probably too high. However, the K value of 1400 
ft/d determined from the permeameter experiment is probably 
a good estimation. Assuming an average aquifer thickness of 
100 feet, the transmissivity value from the permeameter is 
1,037,000 gpd/ft. Average T values from the driller's log 
analyses is 1,098,000 gpd/ft. And T values from aquifer 
tests ranged from 606,000 to 5,856,000 gpd/ft. Although the 
three values vary considerably I believe a reasonable 
estimate of transmissivity is 1,000,000 gpd/ft. 
The values calculated for specific yield and porosity 
from the permeameter and aquifer tests are on the minimum 
side of values reported in the literature for sand and 
gravel aquifers. Table 7 presents several literature 
values. 
TABLE 7 
LITERATURE VALUES FOR AQUIFER PROPERTIES 
Specific Yield Porosity Hydraulic p 
Con. gpd/ft 
Johnson (1967) 
Fetter (1980) 
Freeze & Cherry (1979) 
Todd (1979) 
Hydrometrics (1984) 
Lohman (1983) 
A porosity value from the permeameter experiment is 
19.7 % which fits best with Todd's (1979) value for river 
floodplain-channel deposit aquifers, and Fetter's (1980) 
value for minimum porosity of coarse to fine gravel. An 
22-25 % 
1 2 - 2 1  %  
1-30 % 
10.5 % 
1 0 - 2 0  %  
10-30 % 
20-35 % 
25-40 % 
18-20 % 
104~10R 
1 0 - 1 0  
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average SY value from "the study is 10.6 %. This value fits 
in the range of all literature values except 
Johnson's (1967). I conclude from the similarity in values 
I determined and literature values, that a specific yield of 
10.6 % and a porosity of 19.7 % are reasonable estimates for 
the Missoula Aquifer. 
Hydraulic conductivity values determined in the study 
also fit values in the literature for sand and gravel 
aquifers. Assuiming a 100 foot thick aquifer, average K 
values from the permeameter, driller's log analyses and 
2 aquifer tests is 10,000 gpd/ft This value is in the range 
reported by Fetter (1980) and Freeze and Cherry (1979) 
(Table 7). 
Because most of my analytical techniques concentrated 
on the northeast portion of the study area, hydraulic 
conductivity may vary throughout the valley. Calibration of 
the numerical model required a K value 40 % lower in the 
western portion of the valley. A possible explanation of 
the high K values in the northeastern part of the valley is 
the long-standing position of the Clark Fork River in 
Hellgate Canyon. This would allow the highly competent river 
to remove finer sediments thus leaving coarse high K 
material in the northeast portion of the aquifer. 
Probably the least understood aquifer property is 
thickness. Out of over several hundred well logs reviewed 
in the study area only 13 municipal well logs report a 
significant lithologic change signaling the base of the 
aquifer These wells probably represent the best estimate 
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of aquifer "thickness. My geophysical experiments were 
inconclusive since the seismic velocities in the unconfined 
aquifer have little contrast with the underlying sediments. 
Therefore, I believe a conservative estimate of 50 to 110 
feet is a fair approximation of aquifer thickness. Table 8 
presents a summary of aquifer properties from all methods 
used in the study. 
TABLE 8 
Summary of Aquifer Properties 
Permeameter Sieve 
Analyses 
Thickness 
(ft) 
K (ft/d) 
Kh (ft/d) 
Kv (ft/d) 
T (gpd/ft) 
SY 
n 
1390 
11.5% 
19 . 7% 
396,000 
Driller's log 
Interpretation 
50 to 110 
41,000 to 
9,752,000 
Aquifer 
Testing 
860 to 
6, 580 
130 to 
220 
606,000 to 
5,856,000 
3% to 10% 
RIVER-AQUIFER INTERACTION 
My investigation of the interaction between the Clark 
Fork River and the sole-source aquifer indicates a 
measurable relationship between the river and aquifer. 
Water chemistry results, well and river hydrographs, 
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potentiometric maps, modeling results, aquifer testing and 
mass balance results document the interaction. 
Water chemistry data verifies that the Clark Fork River 
has a measurable influence on the ground water system. As 
indicated previously, the inorganic water quality of ground 
water is remarkably similar to Clark Fork River water. This 
strongly suggests that the river delivers a principal source 
of recharge to the unconfined sole-source aquifer. 
Well hydrographs (Figure 9) show a seasonal similarity 
of water table response. Lowest head levels and lowest 
magnitude of change occur in MV-16 1800 feet from the Clark 
Fork River. Highest heads and highest magnitudes of change 
occur in MV-4 400 feet from the Clark Fork River. Water 
level fluctiations in MV-31, in the center of the valley, 
are approximately one half the amplitude of those in MV-4. 
As an example, from August 22 to September 23 water levels 
in the Clark Fork River rose 0.56 feet. Moving from the 
Clark Fork River to the southwest, water levels in MV-4- rose 
1.1 feet, whereas MV-31 had a 0.44 foot change and MV-25 
went down 0.54 feet. I believe this reflects the ability of 
the aquifer to assimilate short duration recharge from the 
river. This relationship is supported by linear regression 
of well water levels against river levels. Wells within 
2000 feet of the river have a positive correlation 
coefficient averaging 0.40 (n=4), while wells further from 
the river have negative coefficients ranging from -0.08 to -
0.54 (n=15). The low positive correlation coefficients and 
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negative coefficients may reflect the independence of well 
water levels from river levels from October 1985 to January 
1986. 
Wells MV-4, MV-6, MV-10 and MV-16 show a fair 
correlation in water level response with the Clark Fork 
River from June to September 1985 (Figure 16). (Note in 
Figure 15 that 30 feet of head was subtracted from the Clark 
Fork River head level to fit it on the graph). Late May 
spring runoff in the Clark Fork River appears to take 
approximately 2 weeks to show up at the wells. From October 
1985 to January 1986 well hydrographs appear to be 
independent from the river. I attribute this to partial 
sealing of the river bed by fine sediment, anchor ice and 
algae which decreases the opportunity for leakage through 
the river bed. Regardless of the inconsistencies, the 
similarities in Clark Fork River and well hydrographs 
indicate that the river has some degree of control over 
water table fluctuations. 
Potentiometric maps (Figures 10 and 11) show that the 
Clark Fork River is perched above the adjacent water table 
and provides water to the aquifer. Due to a high hydraulic 
conductivity the gradient between the river and water table 
is steep. On May 5, 1986 the water table gradient was 0.36 
in 62 feet from the river to MV-35. Elsewhere in the valley 
the gradient is 0.0009. The potentiometric surface on 
February 28, 1986, at lowest ground water levels during the 
study, has shifted toward the Clark Fork River from the 
position on August 22, 1985. The most profound shift is 
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gure 16. Hydrographs of the Clark Fork River, MV-4, MV-6, MV-10 and MV -16  
nearest, the Clark Fork River. This suggests a reduction in 
recharge rates from the river. The seasonal shift in the 
potentiometric surface indicates that the ground water 
system seems to react to variations in river recharge rates. 
This corresponds to the seasonal trend in water table 
response shown on well hydrographs (Figure 16). Surface 
water mass balance results document this and quantify rates 
of ground water recharge. 
Mass balance results indicate that discharge lost from 
the Clark Fork River between NW and NR generally coincide 
with river stage (Figure 13). However, anomolies during 
high and low river flow conditions suggest that a simple 
river stage vs. river leakage relationship is probably 
inappropriate. In any event, the seasonal variation in 
river leakage rates influence well hydrographs, and thus the 
potentiometric surface. To make a gross generalization, 
average discharge lost from the Clark Fork River during the 
study is 14 % of the river's discharge (Figure 14). Using 
this percentage and mean annual discharge for the Clark Fork 
River, approximately 36 million gallons of water per day , 
averaged over 11 months, leaks from the river and recharges 
the sole-source aquifer. Although error is possible with my 
mass balance calculations (Table 5) I think this may be a 
reasonable estimate of discharge lost from the Clark Fork 
River, averaged over the study period, because of the 
consistency in my gaging techniques. 
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FUTURE GROUND WATER DEVELOPMENT 
This section offers a recommendation on the feasibility 
of inducing infiltration from the Clark Fork River by 
pumping additional municipal wells on the south side of the 
river. 
During the study period I assumed that the river-
aquifer system was in a equilibrium condition. Any 
additional ground water withdrawl may cause removal of water 
from storage (mining the aquifer) or reduction of Clark Fork 
River discharge rates by pumping-induced infiltration. 
Municipal ground water withdrawl rates have increased 
dramatically since 1957. In 1957 700 million gallons were 
withdrawn and by 1984, the amount was 9.7 billion gallons. 
From 1958 to 1975 water levels in MV-31, monitored by the 
USGS, indicate that aquifer discharge did not exceed 
recharge (DNRC, 1976). According to Hydrometrics (1984) 
water table elevations in MWC-30 through MWC-34 show no 
significant change from 1980 to 1983. And from the 280 % 
increase in ground water withdrawl rates from 1982 to 1984 
(3.4 to 9.7 billion gallons) water chemistry data show no 
significant change from MWC-32 and MWC-34 (Mountain Water 
Company Records and Hydrometrics, 1984). Because of the 
relationship of the aquifer with the Clark Fork River and 
the aquifer's excellent hydraulic characteristics, the safe 
yield of the aquifer does not appear to be exceeded. 
To determine if additional development is possible 
along the south side of the Clark Fork River by inducing 
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infiltra-tion from "the Clark Fork River, I used an analytical 
technique developed by Jenkins (1970). In theory, when the 
cone of depression reaches the permeable Clark Fork River 
bed a hydraulic gradient develops between the river and 
adjacent water table. Water can then travel through the 
river bed and supply water for the discharging well. As 
soon as the induced recharge from the Clark Fork River 
equals the discharge rate from the pumping well(s) the cone 
of depression stabilizes. The rate of river recharge to the 
well(s) will probably never be 100 % of the pumping 
discharge due to an imperfect connection between the river 
and aquifer. Therefore, some water must come from storage 
but will probaly be replenished during spring runoff. 
To use Jenkins' (1970) method it is necessary to have 
evidence of a hydraulic connection between the Clark Fork 
River and pumping wells. In single well aquifer tests 
Hydrometrics (1984) report that the cone of depression from 
MWC-30 through MWC-34, discharging from 2000 to 3750 gpm, 
intersected the Clark Fork River recharge boundary in 5 
minutes. Two of my aquifer tests on MWC-34, pumping at 6100 
gpm, indicate that after about 113 minutes water table 
drawdown stabilizes in well MV-34, 357 feet from the pumping 
well and 172 feet from the river. This probably represents 
the effect of the river recharge boundary. Using a 
conservative estimate, MWC-34 pumping at 6100 gpm induces 
recharge from the Clark Fork River after approximately 2 
hours of pumping. 
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Jenkins' (1970) method requires aquifer values for T 
and SY and the use of several assumptions. In all my 
analyses I used a T value of 1,000,000 gpd/ft and a SY of 
0.10. Jenkins' (1970) assumptions include: 1) the change 
in saturated thickness is small relative to aquifer 
thickness, thus T is constant, 2) the temperatures of the 
river and ground water are the same and constant, 3) the 
aquifer is isotropic, homogeneous and semi-infinite in 
extent, 4) the river boundary is vertical, straight and 
fully penetrates the aquifer, 5) water is released 
instantaneously from storage, 6) the well fully penetrates 
the aquifer, and, 7) pump discharge is constant. Field 
conditions depart from these ideal conditions. Most 
significant departures are the nature of the river-aquifer 
boundary and the aniosotropic aquifer. These departures, in 
the early stages of pumping, will cause less river depletion 
and more water removed from storage. Another problem is 
that municipal wells are pumped only when water is needed. 
However, Jenkins (1970) found that the effects of 
intermittent pumping are approximately the same as those of 
steady continual pumping. 
I began my analyses by calculating the rate of river 
depletion caused by 5 municipal wells (MWC-30 through MWC 
34) located within 500 feet of the Clark Fork River. I used 
pumping rates on July 15, 1985 and a 32 day pumping 
interval. I then calculated river depletion rates caused by 
additional wells located at 500 and 1000 feet from the river 
pumping at 5000 gpm for 32 days. Finally, I considered well 
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interference by estimating the radial distance where zero 
drawdown occurs from the additional wells. 
On July 15, 1985 the combined pumping rate for the 
existing municipal wells was 20,400 gpm. Individual rates 
were: 3500 gpm at MWC-30, 3550 gpm at MWC-31, 2900 gpm at 
MWC-32, 3650 gpm at MWC-33 and 6800 gpm at MWC-34. The 
combined river depletion rate for a 32 day pumping period 
was 44 cfs. From 95 to 98 % of the water delivered to the 
wells was induced from the Clark Fork River. 
Additional wells pumping at 5000 gpm located at 500 or 
1000 feet from the Clark Fork River will acquire over 91 % 
of their water from the river in 32 days of pumping. A well 
500 feet from the river will deplete the river by 10.6 cfs 
and a well 1000 feet away will deplete 10.2 cfs. In 32 days 
7 a well 500 feet from the Clark Fork River will use 2.9 x 10 
3 ft of river water and a well 1000 feet away will use 2.6 x 
7 3 
10 ft of river water The well 1000 feet away takes a 
longer time to induce recharge and consequently gets a 
greater portion of its water from storage. 
The location of additional wells should minimize the 
effects of well interference. I calculated the radial 
distance where the pumping well would have no affect on the 
water table using the Theim equation designed for steady 
state conditions in an unconfined aquifer. To use this 
equation I assumed that the cone of depression will 
intersect the river recharge boundary in 1 to 3 hours and 
steady state conditions exist. I also assumed that the 
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change in saturated thickness due to pumping is small 
relative to aquifer thickness. I used a constant pumping 
rate of 5000 gpm, an aquifer thickness of 90 feet, a K of 
1,485 ft/d, a 7 foot drawdown in the pumping well 
(Hydrometrics, 1984) and a well 18 inches in diameter. If 
my assumptions and aquifer properties are valid, 270 feet 
away from the pumping well there is zero drawdown. This 
estimate is based on several simplifying assumptions and a 
more conservative estimate may be 400 feet. 
Based on the river depletion rate from the 5 existing 
municipal wells and the estimated depletion caused by an 
additional 5 wells 500 feet from the river pumping at 5000 
gpm, the Clark Fork River will not be dewatered. However, 
the combined river depletion rate from 32 days of continued 
pumping is 97 cfs. It should be stressed that this rate is 
approximately 96 % of the combined pumping rate. It is 
unlikely that pumping longer than 32 days will cause 
additional river depletion due to an imperfect hydraulic 
connection between the river and aquifer. 
The estimated combined river depletion rate of 97 cfs 
is 12 % of the minimum daily flow of the Clark Fork River 
recorded during the study. And the estimated depletion rate 
is 29 % of the lowest flow recorded on the Clark Fork River 
at the USGS gaging station above Missoula. In addition, a 
certain percentage of the water induced from the Clark Fork 
River will be returned to the river aquifer-system via 
leakage from the distribution system, lawn irrigation and 
return flow from the waste treatment facility. The 
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estimated depletion rate is a sizeable amount and at times 
during the year the river may not be able to leak this 
amount of water -
If additional municipal wells are required, their 
optimum location should be between NW and NR. In this 
reach I have documented recharge to the aquifer by natural 
river leakage. Also, in this area aquifer properties of T, 
SY and thickness are best understood. Results from my 
analyses suggest that the optimum location for new wells is 
within 500 feet of the river with at least 400 feet between 
wells. New wells should be located on the south side of the 
river where aquifer properties and the nature of the 
potentiometric surface are best known. Finally, further 
work is needed to identify the causes of the seasonal change 
in river leakage rates. Through continued monitoring, 
potential unforeseen consequences of intercepting natural 
river recharge intended for the rest of the aquifer could be 
identified. 
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CHAPTER 6 
CONCLUSIONS AND RECOMMENDATIONS 
The Missoula Aquifer is a sole-source aquifer for the 
residents of the Missoula Valley. It is a thin aquifer and 
is directly connected to the land surface. The Clark Fork 
River provides the principal source of recharge to the 
aquifer on the order of 36 million gallons per day. The 
aquifer is prolific and owes its prosperity to its 
tremendous hydraulic properties and relationship with the 
Clark Fork River. 
This study has supplemented previous hydrogeologic work 
in the Missoula Valley and provided new information on 
aquifer properties. It has also presented an initial steady 
state ground water flow model, a surface and ground water 
monitoring network, a surface water mass balance model and 
recommendations on additional ground water development near 
the Clark Fork River. 
From the mass balance model I believe that leakage from 
the Clark Fork River is principally controlled by the 
permeability of the river bed. With high river flows the 
permeability is increased by removing fine material and 
algae which allows maximum leakage rates. With low ground 
water levels a relatively large gradient between the river 
surface and water table develops. This may in part offset 
the effect of low river bed permeability and allow a greater 
portion of leakage. To accurately determine leakage rates 
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on a seasonal basis, I "think "that, a complete mass balance 
model is more valid than a model based only on Clark Fork 
River discharge. 
The Missoula Aquifer has excellent hydraulic 
properties. I believe that the coarse, predominantely sand 
and gravel aquifer was deposited from Pliocene through the 
Pleistocene. Furthermore, I think the major portion of the 
aquifer is Pleistocene alluvium. Reasonable estimates for 
transmissivity is 1,000,000 gpd/ft and for specific yield, 
0 .  1 0 .  
From these properties, wells pumping up to 6100 gpm 
located within 500 feet of the river intersect the river 
recharge boundary in about 2 hours. After one month of 
pumping, 95 % of well discharge is induced from the Clark 
Fork River. Additional development by municipal wells is 
probably possible along the river. However, each additional 
well pumping continuously at 5000 gpm will deplete the river 
by about 10 cfs. The analytical techniques I used to 
calculate river depletion rates by wells assumes that the 
river-aquifer connection is perfect. The aquifer; however, 
is anisotropic and hetrogeneous, and the results of this 
study indicate that river leakage rates vary seasonally. I 
believe further work is needed to examime the controls on 
the river bed permeability. Therefore it is necessary to 
determine if the river can always leak enough water for 
pumping wells and if additional river depletion is tolerable 
by downstream water users. 
I believe a management plan for the Missoula aquifer is 
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mandatory- In addition, the operators of the municipal 
water system and the public should become aware of the 
consequences of contaminating the Clark Fork River and the 
sole-source aquifer. The water quality of the Clark Fork 
River is extremely critical to the water quality in the 
aquifer. Wells near the river derive their water from the 
river and the water travels only 300 to 500 feet in the 
aquifer sediments before reaching the wells. I think that 
additional work is needed to identify potential sources of 
contaminants and their environmental pathways with a special 
emphasis on the metal-contaminated Clark Fork River 
floodplain sediments. 
Further work is needed to complete the present 
knowledge of the river aquifer-system. I think monthly 
water level monitoring in wells MV-2 through MV-30 and 
continuous monitoring in MV-31 and MV-34 through MV-42 is 
necessary. Continued monthly monitoring of discharge and 
water levels in surface waters is needed to better define 
river-aquifer interaction. Quarterly water quality sampling 
of rivers and wells for inorganic and organic constituents, 
and herbicides and pesticides common to the area is 
necessary to detect changes in water quality. And finally, 
I think that strictly controlled aquifer tests throughout 
the valley are needed to define the valley-wide distribution 
of aquifer characteristics. 
In this study I initiated a numerical modeling effort 
with preliminary results suggesting that during steady state 
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conditions, the river-aquifer system can be modelled. 
To accurately model river-aquifer interactions I think that 
river nodes should be scaled to the river's dimensions. I 
also think the area north of the Clark Fork River should be 
included in the model. Additional calibration with a finer 
grid and the effects of pumping, precipitation recharge and 
solute transport is needed. I believe the above mentioned 
recommendations will provide a better model of the system. 
The management plan for the river-aquifer system should 
include a detailed model and a well protection plan. The 
plan will alleviate unforeseen consequences of overuse and 
contamination, and allow a continued source of high quality 
water in the Missoula Valley. 
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APPENDIX A 
SUMMARY OF CENOZOIC GEOLOGY 
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Four significant stratigraphic subdivisons are present 
in the Missoula Valley. They include the pre-Renova 
equivalent, the Renova equivalent, the Sixmile Creek 
equivalent and Quaternary lake silts, loess and alluvial 
gravels. The first three are separated by major 
unconformities. 
The pre-Renova equivalent rests unconformably on pre-
basin rocks near the faulted-boundaries of the Missoula and 
Bitterroot basins. Fields (1981) logged conglomerates in 
well MB-2 near Alberton, Montana drilled for the U.S. 
Department of Energy (Figure 17). In this well 
conglomerate underlies the Renova equivalent and appears to 
intertounge with the basal Renova. Fields (1981) interprets 
the conglomerate facies as repeated mudflows and 
fanglomerates derived from the adjacent fault-bounded 
uplands. From comparison of other Department of Energy 
wells located near basin centers he concludes that the 
formation is limited to basin margins. 
The Renova Formation equivalent unconformably overlies 
pre-basin rocks or the pre-Renova Formation. It has an 
overall fine-grained aspect. It was deposited between late 
Eocene and middle early Miocene times. Kuenzi and Fields 
(1971) define the Renova as being greater than 70% fine 
grained and/or less than 30% coarse grained of which 
conglomerate is a minor component. Fields and others (1985) 
divide the Renova into two parts. The lower part 
characteristically has devitrified volcaniclastics, abundant 
lacustrine deposits and minor amounts of locally derived 
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coarse clastics, arkose and air-fall ash. The lacustrine 
sediments include organic-rich, freshwater ashy shales and 
marls. Locally coal is abundant. In addition, fossil plant 
remains of riparian foliage including alder and willow, and 
upland tree needles of Metasauoia are found (Wehrenberg, 
1983). The upper part is dominated by large quanities of 
ash and mud. Within the montmorillonite mudstones and 
volcaniclastics scattered lenses of coarse clastics, arkose 
and conglomerate occur. Fossil floras are rare (Fields and 
others, 1985). In the Jefferson basin Kuenzi and Fields 
report up to 3500 feet of Renova sediments. 
In the Missoula basin the Renova equivalent is 
intermitently exposed on the basin flanks and recorded in 
Department of Energy well MB-4 (Figure 17). In the O'Keefe 
Creek valley a rail road cut exposes the lower to middle 
part of the Renova. Expanded smectite clays with a "popcorn 
texture", seams of lignite, siltstones, mudstones and 
arkosic sandstones are present. Feldspars and micas in the 
sandstones indicate that the Bitterroot Dome to the south 
was breached by Oligocene time. Carbonized leaves and 
needles are well preserved in the mudstones. In Coal Creek 
canyon north of 1-90 and the city of Missoula sanitary 
landfill a 7 foot coal seam was mined until World War II. 
Fields (1981) states that the lignite represents an 
Oligocene age based on coincident occurrence with fossil 
flora at O'Keefe Creek. The coal seam and an up-section 
layer of tuff dip north 20 . The Department of Energy drill 
hole is located 2 miles north of 1-90 and east of Buttler 
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Creek road (NW SE NE Sec. 24, T.14N, R.20W). Fields (1981) 
reports the Renova equivalent occuring from 90 to 2700 feet. 
It includes carbonaceous siltstone and mudstone with 
numerous seams of lignite, arkosic sandstone, and poorly 
sorted pea gravel and cobble conglomerate. From 2800 to 
2907 feet (total depth) a tectonic breccia is recorded. It 
is an angular breccia derived from Belt Supergroup rocks. 
Fields (1981) interprets it as fault gouge from the low 
angle normal Clark Fork Fault 3/4 of a mile north. 
The Renova equivalent was deposited in an internally 
drained basin with a semiarid climate. Throughgoing 
drainages were inadequate to remove the high rate of 
sediment production. Volcanic ash was provided by local 
sources such as the Lolo Hot Springs volcanic center 
(Werhenberg, 1983) and the middle Tertiary Cascade rhyolite 
volcanic zone. Tremendous quanities of ash were 
concentrated by sheet floods running off surrounding uplands 
(Fields, 1985). Thompson and others (1982) state that the 
ash, and sediments produced from the highlands, were 
reworked by heavily loaded streams with braided channels. 
In addition, (Fields, 1981) reports that the environmental 
setting also included alluvial fan, playa, floodplain, 
overbank and coal swamp depositional sites. 
The Sixmile Creek equivalent is separated from the 
Renova equivalent by an angular unconformity. It is a 
coarse clastic unit deposited between early middle Miocene 
(Hemingfordian/Barstovian boundary) and latest Miocene 
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(Hemphillian) times (Thompson and others, 1982). The 
clastics were derived locally from developing fault-block 
mountains. Kuenzi and Fields (1971) describe the Sixmile 
Creek Formation in the Jefferson basin as having 
conglomerate as a major component on basin margins and 
centers. In the Missoula basin the Sixmile Creek equivalent 
is poorly exposed. 
The Sixmile Creek equivalent in the Missoula basin is 
partially exposed in road cuts. It is not recorded in the 
Department of Energy wells in the Missoula basin, but is 
likely identified in wells MB-8, MB-9 and MB-12 on the east 
side of the Bitterroot basin (Fields, 1981). Water well 
logs record conspicuous amounts of "sand and gravel" which 
may represent Sixmile Creek sediments. A road cut on Upper 
Miller Creek road 2.6 miles south of US 93 exposes the 
formation. It is a poorly consolidated unit of cobbles and 
pebbles set in a sandy matrix. The clastics are about 90% 
Belt Supergroup quartzites and siltites and 10% Bitterroot 
Dome granites. The medium to fine grained sand is 
subangular and is composed of approximately 10% mica, 60% 
quartz and 30% feldspars. Some thin silty sand layers are 
also present. 
Department of Energy test wells in the Bitterroot basin 
record the probable occurance of the Sixmile Creek 
equivalent (Fields, 1981). An interval from 30 to 1200 feet 
in well MB-8 near Three Mile Creek is dominated by poorly 
consolidated pebble conglomerate and sandstone, with minor 
amounts of claystone and siltstone. The maximum clast size 
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is 8 cm and "the fine grained sand is angular "to rounded. 
Fields (1981) interprets the depositional setting as a 
stream channel -- point bar sequence with slough and 
occasional overbank deposition. The interval is similar in 
lithologic character to local members of the Sixmile Creek 
Formation east of the Continental Divide and in the 
Drummond-Flint Creek Valley. Well MB-9 near Upper Three 
Mile Creek has an 80 foot interval similar in lithology to 
the MB-8 interval. Fields (1981) interprets an identical 
depositional setting possibly deposited by the ancestral 
Bitterroot River. Well MB-11 at Hamilton Bridge records 
2,416 feet of sediment with no significant lithologic 
changes. Arkosic sands and ground-up granitic chips 
dominate the cuttings. Fields (1981) states that probably 
the entire thickness represents braided stream deposition of 
the ancestral Bitterroot River. He provides three possible 
designations to the interval: 1) Pleistocene gravels related 
to glacial outwash, 2) the Sixmile Creek equivalent in 
entirety, or 3) the ground-up granite floor of the 
Bitterroot Valley. 
From the Department of Energy well logs, infrequent 
local outcrops and information from other Western Montana 
basins several Sixmile Creek depositional environments are 
recognized. In the Missoula basin sediments of the Sixmile 
Creek equivalent accumulated in an undrained basin. The 
climate was arid and sediment was transported across desert 
plain surfaces. Locally, a remnant pediment in the South 
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Hills area represents a sediment transport surface probably-
active in Sixmile Creek time. Thompson and others (1982) 
generalize the Sixmile Creek Formation as including 
fanglomerates, and evaporites and limestones that appear to 
be playa deposits. Fields and others (1985) state that the 
depositional environment included alluvial fans, mudflows, 
debris flows and ephemeral stream deposits. Sediments 
designated as probably Sixmile Creek in the Bitterroot basin 
record deposition from braided streams and stream channel --
point bar sequences. It is most likely that all these 
environments were involved in deposition of the Sixmile 
Creek Formation equivalent. 
The Quaternary Period in the Missoula basin was greatly 
influenced by Pliestocene glaciation. Shoreline traces on 
Mounts Sentinel and Jumbo, lacustrine silts, and erratics on 
Water Works Hill record the existence of Glacial Lake 
Missoula. Werhenberg (1983) roughly places Glacial Lake 
Missoula into the Bull Lake and/or Pinedale glacial 
episodes. An ice dam in the Pend d'Orelle trough 
periodically blocked the Clark Fork River near Noxon, 
Montana. When water behind the dam built up to sufficiently 
float the ice catastrophic flooding occurred. At least 36 
lake fillings are recorded in the basin's lake sediments and 
at least 38 floods are recorded in the depositional and 
erosional features in Eastern Washington (Werhenberg, 1983). 
Valley glaciers, most notably in the Grant Creek and 
Rattlesnake Creek drainages, deposited lateral and terminal 
moraines, and glaciofluvial sediments in the valleys. 
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Glacial Lake Missoula lacustrine deposits are well 
exposed in a road cut 1 mile east of Frenchtown, Montana and 
in a rail road cut west of Deer Creek road in Hellgate 
Canyon. Sequences of varved silts and calcite crystals, 
derived from glacial flour of the Precambrian Wallace and 
Helena Formations, are present. In addition pebble and sand 
layers with silt chips suggest stream deposition across the 
silt deposits at times of lake lowering. Elsewhere in the 
basin, particularly in the center, Lake Missoula silts were 
removed by post-Pindale fluvial processes. 
DEPOSITIONAL HISTORY 
The Tertiary paleoclimate is documented in the types 
and patterns of sedimentation. The basin-fill deposition 
was a result of a regionally consistent arid to semiarid 
climate. Basin filling was initiated by increasing climatic 
aridity. Throughgoing drainages were defeated and sediment 
accumulated. Schumm (1968) states that the combination of 
low rainfall and high evaporative rates leads to the 
scarcity of vegetation which in turn leads to high rates of 
sediment production. However during higher rainfall 
intervals protective vegetation is established in 
mountainous regions and an integrated drainage net 
instigates sediment evacuation. 
In the Missoula basin, and other Tertiary basins of 
Western Montana and Eastern Idaho, regional unconformities 
bound the Renova and Sixmile Creek Formations. These 
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erosional episodes are interpreted to represent the lower 
limit of time of change from dry basin-filling regimes to 
relatively wetter basin-evacuating regimes (Thompson and 
others, 1982). In an analysis of over 200 Tertiary sediment 
samples Thompson and others (1982) report strong 
correlations between climate and clay mineralology. Arid 
climates produce smectite-rich soils whereas wet climates 
produce kaolinite-rich soils. The paleosoils underlying the 
two unconformities are kaolinite-rich and appear to be 
laterite soils. The red laterite paloesoil may be exposed 
along 1-90 north of Missoula. The clay mineralology of both 
the Renova and Sixmile Creek Formations is exclusively 
smectite (Thompson and others, 1982). This evidence 
suggests Tertiary basin filling during aridity, or 
semiaridity, and evacuation during wetter climatic regimes. 
The Missoula basin was delineated by Paleocene to 
Eocene Laramide intra-arc extension. The basin was shallow 
and development was progressive. Regional and local igneous 
activity provided ash-fall tuffs which choked drainages 
(Fields and others, 1985). Along the fault-bounded flanks 
of the basin coarse clastics accumulated (Fields, 1981). 
The climate was relatively wet and warm. 
In late Eocene time a major change in climatic 
conditions occurred. This relatively arid cycle instigated 
intermittent deposition of the Renova Formation equivalent. 
At least 3000 and up to 13,000 feet of sediment was 
deposited (McMurtrey et al., 1965). In Middle Eocene 
through Early Oligocene times the basin rapidly subsided 
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and abundant volcanic ash clogged through-flowing streams 
(Fields and others, 1985). Lacustrine and paludal 
conditions produced coal swamps which are recorded as 
lignite on the northeast side of the basin. By late Early 
Oligocene time internal drainage was firmly established. 
Air-borne ash, probably from the Cascade volcanic zone, was 
reworked by sheet-wash, mudflows and braided streams. From 
Early to Late Oligocene ash-rich sediments were deposited in 
fluvial, lacustrine and paludal environments (Fields and 
others, 1985). In Early Miocene aridity increased and 
desert-like geologic processes dominated. Eventually the 
mountains surrounding the basin filled the basin with their 
debris. 
In early Miocene a dramatic climatic shift produced 
wetter conditions (Thompson and others, 1982). External 
drainage was initiated as the basins filled with water. 
Spillways connected the Missoula basin with the Bitterroot 
and the Drummond-Flint Creek basins. Renewed extensioal 
faulting and folding tilted the Renova equivalent sediments 
(Fields and others, 1985). Vast quanities of the sediment 
were removed from the basin. The sediments remaining were 
deeply disected and a "bad lands" topography existed. 
Although not defined in the Department of Energy wells, a 
red laterite paleosol likely developed on the new 
topography. By the close of this 1 to 5 million year 
interval the Missoula basin took on its modern appearance. 
About 17 million years ago aridity again prevailed. 
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This arid cycle lasted through Late Miocene time. 
(Thompson and others, 1982). External drainage was defeated 
due to high sediment production rates from the sparsely 
vegetated basin. The former topography was buried by 
gravels and sands and large bajadas extended basinward from 
the valley flanks. Torrential surface runoff sent mudflows 
and sheet floods across the modified topography. High 
ephemeral stream gradients from continued uplift of the 
surrounding fault-block mountains carried and redeposited 
coarse sediments (Fields and others, 1985). The Missoula 
basin gradually filled, perhaps to the base of the hanging 
valleys on Mount Sentinel where gravel deposits are still 
present. 
In latest Miocene -- Pliocene time the climatic pattern 
changed from dry to wet (Thompson and others, 1982). The 
Missoula basin was partially filled with coarse sediments 
and probably had a desert-like landscape. Renewed faulting 
uplifted adjacent ranges and precipitation increased, at 
least partially, due to the orographic influence (Fields and 
others, 1985). The increased precipitation again filled the 
basin and adjoining basins with water which eventually 
reestablished external drainage. Late Pliocene (?) 
lowering of the base level at Alberton Narrows was 
accompanied by sediment removal (McMurtrey and others, 
1965). Sediment was removed from, and transported through, 
the Missoula basin. The fault-line scarp on Mounts Sentinel 
and Jumbo was exhumed. Pedimentation was extensive and a 
pediment is partially preserved today in the South Hills 
105 
area. 
In "the Quaternary Period multiple glacial and 
interglacial periods produced alternating wet and dry 
climatic conditions. In wet periods the CFR carried large 
volumes of melt water. It carved its way into the former 
topography. Glacial Lake Missoula inundated the basin at 
least 36 times and deposited silts, ice-rafted erratics and 
a thin mantle of shoreline sediments. The lake probably 
only occupied the individual shorelines for several months. 
The Clark Fork River continued to remove and redeposit 
sediment transported through the basin. The coarse 
Pleistocene gravels are indistinguishable from Sixmile Creek 
equivalent gravels. Lacustrine silts were eroded from the 
basin center. Continued lowering of the river's base level 
produced two terrace surfaces. McMurtrey and others (1965) 
report that approximately 300 feet of alluvium was deposited 
in the Quaternary Period. 
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PTRAN AND JACOB'S EQUATIONS 
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Equations to solve for transmissivity from specific capacity 
data corrected for the effects of partial penetration. 
1. Correct drawdown to an equivalent drawdown that would 
occur in an equivalent confined aquifer (Jacob, 1963b). 
s' = (s - s2) /2m 
where: s' = corrected drawdown, ft 
s = well log drawdown, ft 
m = aquifer thickness, ft 
2. Correct discharge rate using the effects of partial 
penetration (Jacob, 1963b). 
Q o = Q / ( Y x (  1 +  7 ( r w / 2 Y m ) 1 / 2  x  c o s ( ( F i x Y ) / 2 ) ) )  
where: Q = discharge rate if well tapped the full 
saturated aquifer thickness, gpm 
Q = discharge rate, gpm 
Y = ratio of the length of perforated 
interval to aquifer thickness 
Pi = 3.14 
m = aquifer thickness, ft 
rw = well radius, ft 
3. Use the corrected discharge and drawdown values to 
solve for transmissivity using Jacob's (1963a) graphic 
solution. 
Q/s = T / ((264 x log((Txt)/ 2693 x rw2 x SY)) - 65.5) 
where: Q = discharge, gpm 
s = drawdown, ft 
T = transmissivity, gpd/ft 
t = time, minutes 
rw = well radius, ft 
SY = specific yield 
a) use two values of T one order of magnitude 
different. 
b) solve for Q/s at each T value 
c) plot the values -- log T versus log Q/s 
d) locate the T value for the corrected specific 
capacity value (Q /s') calculated in parts 
1 and 2. ° 
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1 
2 
3 
4 
5 
50 
51 
6 
7 
20 
21 
31 
8 
9 
10 
11 
12 
13 
14 
15 
25 
26 
PTRAN.POR IS * PROGRAM THAT SULVES THE JACOB EQUATION 
WITH THE EFFECTS OF PARTIAL PKNETRATION 
REAL M,J,L 
TYPE*, * ' 
TYPE*/ * * 
TYPE 2 
FORMATS" ENTER WELL NAME") 
ACCEPT 3,WELL 
PORMATtA10) 
TYPE 4 
FORMAT!" ENTER STATIC WATER LEVEL") 
ACCEPT 5/L 
FORMAT (P) 
TYPE 50 
FORMAT <" ENTER PUMPING WATER LEVEL") 
ACCEPT 51,V 
FORMAT <F) 
S IS DRAWDOWN 
S= V-L 
TYPE 6 
FORMAT (" ENTER DISCHARGE IN GPM") 
ACCEPT 7, Q 
FORMAT (P ) 
TYPE 20 
FORMAT*' ENTER BASE OF AQ. IF WT. OR 0. IF CONFINED") 
ACCEPT 21,Z 
FORMAT fF> 
IFCZ.BO.O.) GO TO 31 
G EQUALS THE UNCONFINED AQUIFER THICKNESS 
G = Z-L 
S* IS THE EQUIVALENT DRAWDOWN THAT WOULD OCCUR IN AN EQUIVALENT 
CONFINED AQUIFER 
SK=S-«S*S)/(2*G)> 
TYPE 8 
FORMAT <" ENTER LENGTH 0T TEST IN MINUTES") 
ACCEPT 9, T 
FORMAT CF) 
TYPE 10 
FORMAT (" ENTER 0. IF WT. OR AQUIFER THICKNESS IF CONFINEP") 
ACCEPT 11, M 
FORMAT (F) 
TTPE 12 
FORMAT <" ENTER ESTIMATE OF SPEC. YIELD OK 0. IF CONFINED") 
ACCEPT 13, SWT 
FORMAT <F) 
TYPE 14 
FORMAT (" ENTER WELL RADIUS IN FEET") 
ACCEPT 15, R 
FORMAT <F) 
TYPE 25 
FORMAT (" ENTER LENGTH OF PERFERATED INTERVAL") 
ACCEPT 26,P 
FORMAT <F) 
Y = THE FRACTIONAL PART OF AQUIFER TAPPED BY THE WELL 
Y=P/G 
H=7.*(SQRT(R/(2*Y*G))) 
TYPE*, " " 
TYPE*, "H=",H 
TYPE*, ' * 
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J=COSD<< 3.1459*Y)/2) 
C TYPE*., " * 
C TYPE*/ 'J=*,J 
C TYPE*/ " * 
C C IS THE J*COB CORRECTION FACTOR 
C=1./(1*•(H*J)) 
C TYPE*/ ' * 
C TYPE*/ -C = */C 
C TYPE*/ " ' 
C QX IS THE RATE OF DISCHARGE IF HELL FULLY PENETRATED AQUIFER 
QX=(C*Q)/Y 
TYPE*/ " " 
TYPE*/ -WELL LOG DRAWDOWN: S=-,S 
TYPE*/ * * 
TYPE*/ * CORRECTED DRAWDOWN: SX='/SX 
TYPE*/ ' * 
TYPE*/ "WELL LOG DISCHARGE? Q = -,Q 
TYPE*/ " ' 
TYPE*/ "CORRECTED DISCHARGE: QX='/QX 
TYPE*, * * 
TR = 10 00. 
H=2 
IF(H. EQ.O. ) GO TO 200 
100 ST=M*1.0E-06 
SX=S-(<S*S)/(2*M>) 
TYPE*/ - * 
TYPE*/ -SX='/SX 
TYPE*/ ' * 
GO TO 30 0 
200 ST=SWT 
300 *=(TR*T)/(2693.*(R**2)*ST) 
C TYPE*/ • • 
C TYPE*/ 
C TYPE*/ * ' 
42 FORMAT <F) 
B=2 64.*ALQG10CA}—65.5 
IF(N.EQ.1) GO TO 350 
C TYPE*/ ' * 
C TYPE** *B=-/B 
C TYPE*/ " " 
SC A = TR/B 
TRA= TR 
TR = 100000. 
S'S ». 
350 SCB = TR/B 
C WELL LOG SPECIFIC CAPACITY 
WSC=Q/S 
TYPE*/ -WELL LOC SPECIFIC CAPACITY: WSC=-/WSC 
C CSC IS THE CORRECTED SPECIFIC CAPACITY POR THE EFFECT OF PARTIAL PEN. 
CSC = QX/SX 
TYPE*/ * ' 
TYPE*/ -CORRECTED SPECIFIC CAPACITY: CSC='/CSC 
TYPE*/ ' * 
D=2./ (AL0G10(SCB)-AL0G10(SCA)) 
C TYPE*/ ' -
C TYPE*/ -D='/D 
C TYPE*/ - * 
E=5.-D*A LOGIO(SCB) 
C TYPE*/ ' " 
110 
C TYPE*, -E = -,E 
C TYPE*, * * 
TRC =E+D*ALOGIO(CSC) 
C TYPE*, ' ' 
C TYPE*, -TRC=*,TRC 
C TYPE*, ' * 
TP C F=10.** TRC 
TYPE 17 
TYPE*, 'SLOPE = ",D,' INTERCEPT = ',E, 
* ' TRANSMISSIVITY = *,TKCF,' GPD/FT * 
TYPE*, - * 
TYPE*, - " 
17 FORMAT (' 
TYPE 18 
18 FORMAT (' DO YOU WANT TO MAKE ANOTHER RUN-Y-N?") 
ACCEPT B01,NRU N 
801 FORMAT(Al) 
IF (NRUM.EQ.1HY) GO TO 1 
99 STOP 
END 
111 
APPENDIX C 
WELL INVENTORY 
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WELL INVENTORY LEGEND 
Location (USGS Classification) Perferated Interval 
X 
Y 
Z 
V 
Use 
M 
D 
I 
T 
T 
Mt 
C 
T13N R19W 
T13N R20W 
T12N R19W 
T12N R20W 
Municipal 
Domestic 
Irr igation 
Test 
Test 
Monitoring 
Cooling 
OH Open Hole 
P Perferated 
Aquifer Test Method 
A Air Lift 
P Pump 
Log Confidence Level 
G Good 
F Fair 
P Poor 
NL No log 
Drilling Method 
R Rotary 
Ct Cable Tool 
A Augered 
Aquifer Interval 
U Unconfined 
L Unsure, Leaky 
Aquifer Material 
C Clay 
S Sand 
G Gravel 
I.D » Number 
MWC Municipal Wells 
MV Missoula Valley 
Monitoring Wells 
Elevation 
Top of casing in feet 
above mean sea level 
113 
WELL INVENTORY - MISSOULA VALLEY 
A p p r o x .  P u m p  T e s t  
W e l l  I D  t U s e  L a n d  D a t e  T o t a l  C a s i n g  A q u i f e r  A q .  S t a t i c  T e s t  P u m p i n g  B a s e  T e s t  M e t h o d  H o l e  W e l l  
L o c a t i o n  E l e v a t i o n  C o m p l e t e d  d e p t h  R e c o r d  I n t e r v a l  M a t .  W a t e r  W a t e r  R a t e  o f  T e s t  D u r a t i o n  D i a r a  P e r f o r a t e d  
( f t )  E l e v a t i o n  L e v e l  L e v e l  G P M  A q u i f e r  ( m i n )  i n  I n t e r v a l  
M W C - 2  M  3 1 8 0  c t  1 1 / 3 4  9 0  1 2 "  0 - 9 0  U  4 5 - 9 0  S G  4 5  1 1 5 0  + 9 0  1 2  P 7 0 - 9 0  F  
X 2 9 a c c  1  
S o u t h  1 4 t h  S t r e e t  
M W C - J  M  3 1 8 0  c t  2 / 3 5  1 1 8  1 2 "  0 - 1 1 8  U  5 4 - 1 0 4  S G  5 4  9 0  1 2 0 0  + 1 0 4  1 2  P 8 5 - 1 1 6  F  
X 2 8 d c d 1  
S o u t h  A v e n u e  
M W C - 3 A  M  3 1 8 0  c t  1 1 / 8 4  2 3 0  1 8 "  2 - 1 9 2  L  5 3 - 1 0 4  G S C  5 1  5 4  2 4 0 0  + 1 0 4  P 2 4 0  1 8  P 8 0 - 1 0 4  
X 2 8 d c d 2  T  6 "  9 2 - 2 3 0  P 1 4 9 - 1 5 2  
S o u t h  A v e n u e  P 1 7 7 - I 8 0  
M W C - 8  M  3 1 7 0  c t  6 / 5 4  1 1 7  1 2 "  0 - 1 1 7  U  5 0 - 1 1 7  C S C  5 0  9 0  1 2 0 0  + 1 1 7  P 1 4 4 0  1 2  P 7 1 - 1 1 4  
X 2 9 c d c 2  
S c h  i 1 1 i  n g  S  t r e e  t 
M W C - 9  M  3 1 7 0  c t  8 / 5 4  1 3 2  1 2 "  0 - 1 3 2  U  4 4 - 1 3 2  G S C  4 4  9 0  1 2 0 0  + 1 3 2  P 1 4 4 0  1 2  P 8 0 - 8 7  
X 3 2 c b a l  P I  1 2 - 1 1 6  
D i x o n  A v e n u e  
M W C - 1 3  M  3 3 6 0  c t  8 / 6 4  1 2 7  1 2 "  0 - 1 2 7  U  2 5 - 1 2 3  G C  
X  1 4 b a a  1  
M o u n t a i n  V i e w  D r i v e  
2 5  8 5  8 0 0  + 1 2 3  P 4 2 0  1 2  P 7 0 - 7 8  G  
P I  1 3 - 1 2 3  
MWC- 1 4  M 3 1 8 0  c t  5 / 7 6  1 0 9  3 8  1 0 0  + 1 0 9  P  P 8 1 - 1 0 7  F  
X 3 2 d d d d 2  
S o u t h  R u 9 s e 1  I  
WELL INVENTORY - MISSOULA VALLEY 
A p p r o x .  P u m p  T e s t  
W e l l  I D  t  U s e  L a n d  D a t e  T o t a l  C a s i n g  A q u i f e r  A q .  S t a t i c  T e s t  P u m p i n g  B a s e  T e s t  M e t h o d  H o l e  W e l l  
L o c a t i o n  E l e v a t i o n  C o m p l e t e d  d e p t h  R e c o r d  I n t e r v a l  M a t .  W a t e r  W a t e r  R a t e  o f  T e s t  D u r a t i o n  D i a m  P e r f o r a t e d  
( f t )  E l e v a t i o n  L e v e l  L e v e l  G P M  A q u i f e r  ( m i n )  i n  I n t e r v a l  
M W C - 1 6  M  3 1 6 0  c t  6 / 6 6  1 2 0  1 2 "  0 - 1 2 0  L  3 1 - 1 2 0  G S C  3 1 . 5  1 5 0 0  + 1 2 0  1 2  P 1 0 1 - 1 1 9  F  
V 6 b a c  
2 4 t h  S t r e e t  
M W C - 1 9  
X 1 6 b b b 1  M  3 1 8 0  c t  4 / 6 9  1 0 9  1 6 "  0 - 1 0 9  U  4 8 - 1 0 9  G S C  4 8  5 1 . 4  1 0 0 0  + 1 0 9  P 1 2 0  1 6  P 8 5 - 1 0 5  G  
N o r t h  R u s s e l l  
M W C - 2 0  
X 2 0 d d c  M  3 1 6 0  c t  5 / 6 9  1 4 3 . 6  1 6 " 0 - 1 4 3 . 6  L  5 5 - 1 3 0  G S C  3 3 . 5  4 2 . 5  1 0 0 0  1 3 0  P 2 4 0  1 6  P 1 0 5 - 1 2 5  G  
l _ »  C a t l i n  S t r e e t  
M W C - 2 1  M  3 2 0 0  c t  6 / 6 9  1 3 7  1 6 "  0 - 1 3 7  L  8 3 - 1 0 1  G S C  5 8  6 3 . 6  1 0 0 0  + 1 3 7  P 3 0  1 6  P 9 0 - 9 6  G  
X 2 7 c c a l  P I  1 2 - 1 3 2  
E a s t  C e n t r a l  S t r e e t  
M W C - 2 2  M  3 1 8 0  c t  1 2 / 4 9  9 2  1 2 "  2 - 9 2  U  2 3 - 9 2  G S  2 3  2 3 . 5  1 2 0 0  + 9 2  P 3 0 0  1 2  P 6 2 - 7 2  
X 2 1 a c c l  P 8 2 - 9 2  
C h a m p i o n  L u m b e r  Y a r d  
M W C - 2 5  M  3 1 8 0  c t  8 / 6 6  1 4 6  1 4 "  2 - 1 4 6  L  9 0 - 1 3 7  S G C  4 5 . 2  7 3  1 0 0 0  1 3 7  A 2 9 1 0  1 4  P 9 0 - 1 2 7  
X  3 3 c a c  1  
S t e v e n 9  A v e n u e  
M W C - 2 6  M  3 1 8 0  c t  7 / 7 1  1 2 5  1 6 "  2 - 1 2 5  4 6 - 1 2 5  S G  3 8  4 0 . 4  1 2 7 5  + 1 2 5  P 4 8 0  1 6  P 1 0 0 - 1 2 0  G  
X 3 2 a a d 3  
B e n t o n  A v e n u e  
WELL INVENTORY - MISSOULA VALLEY 
A p p r o x .  P u m p  T e s t  
W e l l  I D  t U s e  L a n d  D a t e  T o t a l  C a s i n g  A q u i f e r  A q .  S t a t i c  T e s t  P u m p i n g  B a s e  T e s t  M e t h o d  H o l e  W e l l  
L o c a t i o n  E l e v a t i o n  C o m p l e t e d  d e p t h  R e c o r d  I n t e r v a l  M a t ,  W a t e r  W a t e r  R a t e  o f  T e s t  D u r a t i o n  D i a r a  P e r f o r a t e d  
( f t '  E l e v a t i o n  L e v e l  L e v e l  G P M  A q u i f e r  ( m i n )  i n  I n t e r v a l  
M W C - 2 7  M  3 1 6 0  c t  4 / 7 2  1 1 8  1 6 "  3 - 1 2 5  L  5 3 - 1 2 5  S G C  3 6  3 7  1 4 7 5  1 2 5  P 3 6 0  1 6  P 9 2 - 1 1 8  F  
X 3 0 a d b  
2 6 t h  S t r e e t  
Os 
M W C - 2 9  M  3 1 4 0  c t  6 / 7 3  1 3 6  1 6 "  2 - 1 3 6  U  2 4 - 1 3 5  S G C  2 4  3 5  1 0 0 0  1 2 5  P 2 4 0  1 6  P 1 0 0 - 1 2 5  G  
V l a c a  
O r c h a r d  A v e n u e  
M W C - 2 9 A  M  3 1 4 0  R  2 / 8 0  2 0 0  6 "  0 - 1 8 0  U  4 - 1 3 0  S G C  4 . 4  8 . 4  2 4 0  1 3 0  A 6 0  6  P 9 5 - 1 0 5  G - F  
V i a e  
O r c h a r d  A v e n u e  
M W C - 3 0  M  3 2 0 0  c t  2 / 7 4  1 5 8  1 8 "  2 - 1 6 0  U  3 1 - 9 8  G S C  3 1 . 2  4 1 . 2  2 0 0 0  9 8  P 1 8 0  1 8  P 8 0 - 9 6  G  
X 2 2 c b d 1  P I  1 2 - 1 3 2  
H i g g i n 9  S t r e e t  B r i d g e  3 1 8 2 . 4  
M W C - 3 1  M  3 2 0 0  c t  1 2 / 7 6  1 3 5  1 8 "  1 - 1 4 0  U  5 1 - 8 0  G S C  3 2  4 7  4 1 0 0  1 1 8  P 1 2 0  1 8  P 1 0 1 - 1 1 7  G  
X 2 2 c a c 2  9 2 - 1 1 8  
K i w a n i s  S t r e e t  3 1 8 7 . 9  
M W C - 3 2  M  3 2 0 0  c t  8 / 7 6  1 4 0  1 8 "  0 - 1 4 0  U  4 0 - 1 2 9  G C  4 3 . 8  4 4 . 3  1 5 0 0  1 2 9  P 1 8 0  1 8  P 1 0 0 - 1 2 5  G  
X 2 2 c d a 3  
A r t h u r  A v e n u e  3 2 0 5 . 8  
M W C - 3 3  M  3 2 0 0  c t  1 4 7  U  4 5 - 1 3 5  G S  4 7  1 3 5  1 8  P H 8 - 1 3 8  F  
X 2 2 c c a 4  
4 t h  S t r e e t  a n d  G e r a l d  3 2 0 1 . 0  
W E L L  I N V E N T O R Y  -  M I S S O U L A  V A L L E Y  
A p p r o x .  P u m p  T e s t  
W e l l  I D  #  U s e  L a n d  D a t e  T o t a l  C a s i n g  A q u i f e r  A q .  S t a t i c  T e 9 t  P u m p i n g  B a s e  T e s t  M e t h o d  H o l e  W e l l  
L o c a t i o n  E l e v a t i o n  C o m p l e t e d  d e p t h  R e c o r d  I n t e r v a l  M a t .  W a t e r  W a t e r  R a t e  o f  T e s t  D u r a t i o n  D i a m  P e r f o r a t e d  
( f t )  E l e v a t i o n  L e v e L  L e v e l  G P M  A q u i f e r  ( m i n )  i n  I n t e r v a l  
M W C - 3 4  M  3 2 0 0  c t  2 / 7 8  1 9 6  1 8 "  3 - 1 9 6  U  4 1 - 1 0 4  S G  4 1  4 2  1 4 0 0  1 - 1 0 4  P 1 2 0  1 8  P 8 0 - 1 0 4  
X 2 2 c d a 5  1 3 4  
M a u r i c e  A v e n u e  3 1 9 6 . 3  
WELL INVENTORY - MISSOULA VALLEY 
A p p r o x .  P u m p  T e s t  
W e l l  I D  #  U s e  L a n d  D a t e  T o t a l  C a s i n g  A q u i f e r  A q .  S t a t i c  T e s t  P u m p i n g  B a s e  T e s t  M e t h o d  H o l e  W e l l  
L o c a t i o n  E l e v a t i o n  C o m p l e t e d  d e p t h  R e c o r d  I n t e r v a l  M a t .  W a t e r  W a t e r  R a t e  o f  T e s t  D u r a t i o n  D i a m  P e r f o r a t e d  
( f t )  E l e v a t i o n  L e v e l  L e v e l  G P M  A q u i f e r  ( m i n )  i n  I n t e r v a l  
M V - 1  U  3 2 2 0  A  ? 8 2  o r  8 4  4 8 . 5  2 "  0 - 5 0  2  
X 2 7 a b a  
U  o f  M T  S t a l u m  -  D e s t r o y e d  9 / 8 5  
M V - 2  I  3 2 4 0  c t  7 / 6 7  2 0  6 "  0 - 2 0  U  1 1 - 2 0  S G  9  1 7  3 5  + 2 0  P 1 2 0  6  O H  
X 2 2 a a d 6  
1 2 5 0  M o n r o e  S t r e e t  3 2 0 7 . 5 6  
M V - 3 2 9 A  D  3 2 0 7  R  8 / 7 9  8 0  6 "  1 . 5 - 8 0  U  1 - 8 0  S G  5 5  6 5  2 5  + 8 0  A 6 0  6  O H  
X 2 2 c c d 7  
8 2 8  R o n a l d  3 2 0 7 . 6 7  
h4 
O O  M V - 4  D  3 1 8 0  c t  7 / 7 4  7 0  6 "  2 - 7 0  U  2 6 - 7 0  S G  2 7  4 8  5 0  + 7 0  A 3 6 0  6  O H  
X 2 1 a c b 2  
C h a m p i o n  S c a l e h o u s e  3 1 7 9 . 0 8  
M V - 5  C  3 1 9 6  R  4 / 8 3  9 9  6 "  1 . 5 - 9 9  U  5 0 - 9 9  S G C  5 0  9 9  7 5  + 9 9  A 6 0  6  O H  
X 2 1 a d b 3  
5 0 1  F r o n t  S t r e e t  3 1 9 5 . 9 7  
M V - 6  D  3 1 6 9  6 / 7 3  5 8  6  
X 2 l a b b 4  
1 0 1 0  W e s t  B r o a d w a y  3 1 7 9 . 5 8  
M V - 7  D  3 1 6 9  5 / 5 8  5 5  U  3 3 - 5 5  S G  3 3  6  
X 2 1 b c b 5  
1 3 0 9  I d a h o  S t r e e t  3 1 6 9 . 0 4  
WELL INVENTORY - MISSOULA VALLEY 
A p p r o * -  P u m p  T e s t  
W e l l  I D  t  U s e  L a n d  D a t e  T o t a l  C a s i n g  A q u i f e r  A q .  S t a t i c  T e s t  P u m p i n g  B a s e  T e s t  M e t h o d  H o l e  W e l l  
L o c a t i o n  E l e v a t i o n  C o m p l e t e d  d e p t h  R e c o r d  I n t e r v a l  H a t .  W a t e r  W a t e r  R a t e  o f  T e s t  D u r a t i o n  D i a m  P e r f o r a t e d  
( f t )  E l e v a t i o n  L e v e l  L e v e l  G P M  A q u i f e r  ( m i n )  i n  I n t e r v a l  
M V " 8  D  3 1 6 8  c t  5 / 6 3  1 0 3  6 "  2 - 1 0 3  L  1 8 - 1 0 3  S G  1 8 . 3  2 1  1 5 0  + 1 0 3  P 1 2 0  6  P 9 1 - 1 0 3  
X 2 0 a a d 2  
1 5 0 9  R i v e r  R o a d  3 1 6 7 . 8 2  
M V - 9  D  3 1 6 2  5 0  6  
X 2 0 a b d 3  
1 9 3 1  R i v e r  R o a d  3 1 6 1 . 6 3  
M V - 1 0  D  3 1 6 5  R  5 / 8 3  6 0 . 5  6 "  2 - 6 0 . 5  U  2 0 - 6 0 . 5  S G C  2 0  6 0  7 5  + 6 0  A 6 0  6  O H  
X 1 7 d d d 1  
1 6 6 0  W .  B r o a d w a y  3 1 6 5 . 0 9  
M V - 1 1  D  3 1 8 0  9 4  6  
X l / a c d 2  
2 3 0 4  W .  B r o a d w a y  3 1 8 2 . 6 8  
M V - 1 2  D  3 1 5 6  4 3  6  
X 1 7 c a d 3  
2 4 2 5  M u l l a n  R o a d  3 1 5 6 . 3 3  
M V - 1 3  3 1 6 0  6 3  1 0  
X  1 7 c b b 4  
2 9 0 0  M u l l a n  R o a d  3 1 6 0 . 8 7  
M V - 1 4  1  3 1 5 5  c t  8 / 6 4  7 0  6 "  1 - 7 0  L  1 8 - 3 7  1 1  3 5  4 0  + 7 0  A 3 6 0  6  O H  
X l S d d a O  
1 1 0 5  C l a r k  F o r k  D r .  3 1 5 5 . 2 3  
WELL INVENTORY - MISSOULA VALLEY 
A p p r o x .  
W e l l  I D  #  U s e  L a n d  
L o c a t i o n  E l e v a t i o n  
( f t )  
P u m p  T e s t  
D a t e  T o t a l  C a s i n g  A q u i f e r  A q .  S t a t i c  T e s t  P u m p i n g  B a s e  T e s t  M e t h o d  H o l e  
C o m p l e t e d  d e p t h  R e c o r d  I n t e r v a l  M a t .  W a t e r  W a t e r  R a t e  
E l e v a t i o n  L e v e l  L e v e l  G P M  
W e l l  
o f  T e s t  D u r a t i o n  D i a m  P e r f o r a t e d  
A q u i f e r  ( m i n )  i n  I n t e r v a l  
M V - I 5  D  
X I 9 a a d l  
2 5 2 8  K r y s t y  D r .  
3 1 5 1  R  1 1 / 7 3  4 0  6 "  1 - 4 0  U  1 0 - 4 0  S G  
3 1 5 0 . 7 2  
10 3 0  5 0  + 4 0  A 4 5  O H  
M V - 1 6  D  
X 1 9 d c a 2  
2 7 2 7  S .  3 r d  W e s t  
3 1 5 2  4 3  
3 1 5 2 . 7 0  
N L  
ro 
o 
M V - 1 7  D  3 1 3 5  
Y 2 4 d a b l  
2 4 1  T  o w e  r  
M V - 1 8  D  3 1 3 2  
Y 2 4 c d c 2  
3 8 0 4  S .  7 t h  W e s t  
8 / 6 0  4 2  
6 5  
4 "  0 - 4 2  
3 1 3 5 . 1 6  
3 1 3 1 . 7 1  
N L  
N L  
M V - 1 9  D  
Y 2 5 b b c 1  
4 0 4 0  R o s e  B r i e r  
3 1 2 8  82 
3 1 2 7 . 8 3  
N L  
M V - 2 0  D  
Y 2 6 a c b  1  
4 4 1 2  S p u r g i n  R o a d  
3 1 1 7  4 0  
3 1 1 6 . 6 8  
N L  
M V - 2 1  D  3 1 1 4  4 7  6  N L  
Y  2 6  b e  a  2  
4 7 8 5  S p u r g i n  R o a d  3 1 1 4 . 3 2  
WELL INVENTORY - MISSOULA VALLEY 
A p p r o x .  
W e l l  I D  9  U s e  L a n d  
L o c a  t  i  o n  E l e v a t  i o n  
( f t )  
P u m p  T e s t  
D a t e  T o t a l  C a s i n g  A q u i f e r  A q .  S t a t i c  T e s t  P u m p i n g  B a s e  T e s t  M e t h o d  H o l e  W e l l  
C o m p l e t e d  d e p t h  R e c o r d  I n t e r v a l  M a t .  W a t e r  W a t e r  R a t e  o f  T e s t  D u r a t i o n  D i a m  P e r f o r a t e d  
E l e v a t i o n  L e v e l  L e v e l  G P M  A q u i f e r  ( m i n )  i n  I n t e r v a l  
M V - 2 2  D  
Y 2 6 d a d 3  
4 2 0 2  N o r t h  A v e n u e  
3 1 3 7  80 
3 1 3 7 . 1 7  
N L  
M V - 2 3  
Y 3 5 b b b l  
2 4 0 9  H a n s o n  
3 1 0 9  9 6  
3 1 0 9 . 1 5  
N L  
1\) 
M V - 2 4  D  
Y 3 5 a c c 2  
2 9 0 0  H u m b l e  R o a d  
M V - 2 5  D  3 1 4 3  
Y 2 5 c d c 2  
3 8 0 2  S o u t h  A v e n u e  
60 
102 
3 1 2 4 . 5 1  
3 1 4 2 . 9 7  
N L  
N L  
M V - 2 6  D  3 1 5 6  c t  1 0 / 6 8  8 3  6 "  1 . 5 - 8 3  L 2 6 - 8 3  2 6  4 8  + 7 5  + 8 3  A 1 2 0  6  O H  G  
X 3 0 c d c 2  
3 0 2 0  S o u t h  A v e n u e  3 1 5 6 . 2 1  
M V - 2 7  D  
Y 2 5 a a c  3  
3 4 3 4  S p u r g i n  R o a d  
3 1 3 9  5 7  N L  
3 1 3 8 . 7 6  
M V - 2 8  D  
X 3 0 a d c  3  
1 5 2 0  2 7 t h  A v e n u e  
3 1 6 7  6 5  N L  
3 1 6 6 . 6 3  
WELL INVENTORY - MISSOULA VALLEY 
A p p r o x .  
W e i  1  I D  #  U s e  L a n d  
L o c a t i o n  E l e v a t i o n  
( f t )  
P u m p  T e s t  
D a t e  T o t a l  C a s i n g  A q u i f e r  A q .  S t a t i c  T e s t  P u m p i n g  B a s e  T e s t  M e t h o d  H o l e  W e l l  
C o m p l e t e d  d e p t h  R e c o r d  I n t e r v a l  M a t .  W a t e r  W a t e r  R a t e  o f  T e s t  D u r a t i o n  D i a m  P e r f o r a t e d  
E l e v a t i o n  L e v e l  L e v e l  G P M  A q u i f e r  ( m i n )  i n  I n t e r v a l  
/  M V - 2 9  
'  X 2 9 b c a  
1 4 0 5  E a t o n  
3 1 7 4  R  9 / 7 8  7 9  6 "  1 . 5 - 7 9  L  3 6 - 4 1  
5 5 - 5 9  
3 1 7 4 . 7 2  7 7 - 7 9  
S G C  4 1  7 5  7 5  +  7 9  A 6 0  O H  
M V - 3 0  
X 3 1 d d c  
3 9 1 2  B r o o k s  
3 1 5 9  4 8  
3 1 5 9 . 1 5  
N L  
ro 
\ f  M V - 3 1  
X 2 9 d a d  
1 9 0 3  R u s s e l l  
U  3 1 7 6  
M V - 3 2  M t  3 1 8 0  
X 3 3 b d c  
P a t t e e  C r e e k  R d  &  S t e v e n s  
9 / 5 8  110 
5 1  
3 1 7 5 . 9 9  
3 1 7 8 . 9 9  
5 0  1 4  N L  
N L  
M V - 3 3  I  
X 3 4 b a c  
D o r n b l a z e r  F i e l d  
3 2 0 5  c t  86 10" 
3 2 0 5 . 1 6  
10 N L  
M V - 3 4  M t  3 1 8 5  
X 2 2 c d a  
M a d i s o n  S t .  B r i d g e  
R  1 2 / 8 5  5 3  6 "  2 - 5 1  U  3 6 - 5 3  S G C  3 6  
3 1 8 8 . 1 3  
+ 5 3  P 3 1 - 5 1  
M V - 3 5  M t  
X 2 1 a H c  
M c C o r r a i c k  P a r k  
3 1 7 3  R  1 2 / 8 5  5 7  6 "  2 - 5 7  U  3 2 - 5 8  S G C  3 2  
3 1 7 5 . 7 8  
+  5 7  P 2 8 - 4 8  
W E L L  I N V E N T O R Y  -  M I S S O U L A  V A L L E Y  
A p p r o x .  
W e l l  I D  #  U s e  L a n d  
L o c a t  i o n  E l e v a t  i o n  
(ft) 
P u m p  T e s t  
D a t e  T o t a l  C a s i n g  A q u i f e r  A q .  S t a t i c  T e s t  P u m p i n g  B a s e  T e s t  M e t h o d  H o l e  
C o m p l e t e d  d e p t h  R e c o r d  I n t e r v a l  M a t .  V a t e r  W a t e r  R a t e  
E l e v a t  i o n  L e v e l  L e v e l  G P M  A q u i f e r  ( m i n )  
W e l l  
o f  T e s t  D u r a t i o n  D i a m  P e r f o r a t e d  
I n t e r v a l  
M V -  3 6  
X 2 2 a d c  
G r e g g e r y  P a r k  
M t  3 2 2 0  R  1 2 / 8 5  4 7  6 "  2 - 4 7  U  2 3 - 4 7  G S C  2 3 . 5  
3 2 1 9 . 5 8  
+ 4 7  6  P 2 5 - 4 5  
M V - 3 7  
X 1 9 a a a  
R e s e r v e  S t .  B r i d g e  
M t  3 1 5 3  R  1 2 / 8 5  3 8  6 "  2 - 3 8  U  1 9 - 3 8  G S C  1 9  
3 1 5 4 . 5 9  
+ 3 8  6  P 2 5 - 3 6  
M t  3 1 1 0  M V - 3 8  
X 3 4 b b b  
E n d  o f  S o u t h  A v e n u e  
R  1 2 / 8 5  3 7  6 "  1 - 3 7  U  8 - 3 5  S G C  8  
3 1 1 0 . 6 3  
+ 3 7  6  P 2 0 - 3 5  
M V -  3 9  
V l a b a  
B u c k h o u s e  B r i d g e  
M T  3 1 5 0  R  1 2 / 8 5  3 8  6 "  2 - 3 8  U  2 7 - 3 8  S G  
3 1 5 1 . 1 3  
2 7  + 3 8  P 2 4 - 3 6  
M V - 4 0  M t  3 1 4 3  R  1 2 / 8 5  
X 3 0 c a b  
S t a t e  L a n d s  
5 0  6 "  2 - 5 0  U  2 5 - 5 0  S C G  2 5  + 5 0  6  P 3 8 - 4 8  
3 1 4 5 . 6 7  
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MISSOULA VALLEY WATER LEVELS 1985-86 
LEGEND 
Head - Elevation Above Mean Sea Level In Feet 
Day - Days Since April 1, 1985 
Q - Discharge In Cubic Feet Per Second 
NW - North Walking Bridge on Clark Fork River 
SW - South Walking Bridge on Clark Fork River 
NR - North Reserve Street Bridge on Clark Fork River 
SR - South Reserve Street Bridge on Clark Fork River 
RF - Front Street Bridge on Rattlesnake Creek 
RL - Lolo Street Bridge on Rattlesnake Creek 
BB - Buckhouse Bridge on Bitterroot River 
WM - West MaClay's Bridge on Bitterroot River 
EM - East MaClay's Bridge on Bitterroot River 
MD - Missoula Irrigation Ditch 
OD - Orchard Homes Irrigation Ditch 
FD - Frenchtown Irrigation Ditch 
MV - Monitoring Well 
MD OD FD 
Day Q Head Day Q Head Day Q Head 
41 73 3179. 14 41 29 3172. 08 41 28 3161. 89 
47 108 3179. 85 47 28 3171. 94 47 38 3162. 12 
54 3180 . 08 54 3172. 24 54 3163. 12 
60 3179. 97 60 3172. 07 60 3163. 14 
67 3179. 86 67 3171 . 87 67 3162. 77 
76 3179. 69 76 3171. 55 76 3162. 65 
90 3179. 26 90 3171. 74 90 3163. 09 
100 105 3179 . 81 99 13 3171. 54 99 41 3162. 58 
103 3179. 94 103 3171. 53 103 3162. 42 
115 3179. 85 115 3171. 51 115 3162. 85 
123 3179. 58 123 3171. 42 123 3162. 31 
138 3179. 80 138 3171. 78 138 3162. 39 
144 3179. 37 144 3171. 79 144 3162. 23 
149 65 3179. 21 158 16 3171. 55 158 20 3161. 83 
161 3179. 19 161 3171. 97 161 3161 . 83 
164 58 3179. 11 176 3171. 66 176 3161 . 86 
176 3178. 60 193 3170. 92 193 3161. 86 
207 3170 . 88 207 3161 . 72 
133 
NW SW NR 
Day Q Head Day Q Head Day Q Head 
5 3175 . 33 5 3179.98 13 2609 3144. 04 
11 3175. 70 11 3180.17 21 3856 3144. 71 
12 3204 3176 . 04 12 210 3180.39 25 3144 . 13 
20 5425 3177 . 23 20 307 3180.92 35 3146 . 44 
25 3176. 32 25 3180.56 40 3145 . 82 
33 3177 . 94 33 3181.22 47 3144. 92 
35 3178 . 62 35 3181.42 54 6746 3146. 41 
40 6515 3177 . 95 40 387 3181.07 60 3146 . 12 
47 3177 . 10 47 3180.98 67 3145 45 
54 8002 3178 . 52 54 450 3181.45 76 3144 . 20 
60 3178 . 40 60 3181 38 90 3142 . 90 
67 3177 . 53 67 3180.68 103 3142. 20 
76 3176. 42 76 3181.03 115 3141. 91 
90 3175. 10 90 3179.90 123 691 3141 . 44 
103 3174. 62 103 3180.60 138 3142. 31 
115 3174 . 77 115 3180.79 144 3142. 30 
123 775 3174. 27 123 88 3180.37 161 3142. 57 
138 3174. 70 138 3180.69 176 3143 . 10 
144 3174 . 75 144 3180.74 193 3142. 96 
161 3174. 76 161 3180.84 207 3143 . 08 
176 3175. 26 176 3180.51 225 ICE 3143 . 00 
193 3175. 06 193 3180.54 239 ICE 3142. 70 
207 3175. 10 207 3180.63 252 ICE 3143. 20 
225 ICE 3175. 21 225 ICE 3181.56 274 ICE 3143. 52 
239 ICE 3176. 29 239 ICE 3179.84 289 3143. 60 
252 ICE 3176. 18 252 ICE 3180.77 310 3142. 97 
274 ICE 3177. 54 274 ICE FROZEN 334 3145. 18 
289 ICE 3176. 44 289 ICE FROZEN 361 3144. 13 
309 3174. 81 309 3180.56 400 3145. 38 
334 3177 . 14 334 3180.95 
361 3176. 10 361 3181.20 
400 3177 . 48 400 3182.01 
SR 
Day Q Head 
13 358 3143. 50 
21 888 3144 . 40 
25 3143. 60 
35 3145. 92 
40 1416 3145. 25 
47 3144 . 51 
54 1747 3145 . 97 
60 3145 . 59 
67 3144 . 94 
76 3143. 70 
90 3141. 87 
176 3142. 07 
207 3142. 22 
334 3144 . 62 
361 3143. 50 
400 3144 . 86 1 
Day 
13 
20 
25 
33 
35 
40 
47 
54 
60 
67 
76 
90 
93 
103 
115 
123 
138 
144 
161  
176 
193 
207 
225 
239 
252 
274 
289 
309 
334 
361 
400 
RF RL 
Q Head Day Q Head 
238 3178. 63 
327 3178. 
3178. 
75 
29 
768 3179. 
3179. 
49 
25 
33 790 3296. 97 
3178. 98 40 3296. 46 
3179. 10 47 3296. 60 
801 3179. 42 54 780 3296. 51 
3179. 14 60 3296. 18 
3179. 15 67 3296. 55 
3178. 53 76 3295. 66 
3177 . 98 90 3295. 06 
88 3177 . 52 93 78 3295. 02 
3177 . 74 103 3294. 85 
3177 . 98 115 3295. 07 
3177. 62 123 3294. 67 
3177. 68 138 3294. 79 
3177. 77 144 3294. 82 
3178. 14 161 3295 . 29 
3178. 23 176 3295. 34 
3177. 97 193 3295. 13 
3178. 02 207 3295. 17 
ICE 3178. 65 225 ICE 3295. 35 
ICE 3180. 06 239 ICE 3296. 74 
ICE FROZEN 252 ICE 3295. 06 
ICE 3180 . 79 274 ICE 3296. 84 
ICE 3178. 02 289 ICE FROZEN 
3177 . 78 309 3294. 93 
3178. 78 334 3295. 58 
3178. 07 361 3295. 22 
3178. 94 400 3296. 19 
135 
47 
54 
60 
67 
73 
76 
78 
90 
103 
1 0 8  
115 
123 
138 
144 
158 
161 
177 
193 
207 
225 
239 
252 
274 
289 
310 
334 
361 
400 
Day 
274 
309 
334 
361 
400 
BB WM EM 
Q Head Q Head Q Head 
3118. 74 3099 . 51 3099. 59 
3122. 36 3102. 62 3102. 64 
3120. 36 3101. 26 3101 . 35 
3120 . 68 3101. 49 3101 . 52 
5520 3119. 20 
3118. 95 3099. 62 3100. 71 
4928 3099. 40 399 3099. 50 
3116. 77 3097 . 33 3097. 77 
3115 . 91 3096. 54 3097. 08 
702 3115. 35 775 3096. 38 10 3097 . 07 
3115. 99 3096. 59 3094. 41 
3115. 49 3096. 06 3097. 01 
3116. 39 3097 . 01 3097 . 38 
3116. 34 3096. 94 3097 . 37 
678 3115. 77 
3116. 52 3097. 11 3097 . 48 
3116 . 90 3097. 52 3097. 91 
3116. 52 3097. 14 3097 . 57 
3116. 64 3097 . 24 3097 . 71 
ICE 3116. 57 ICE 3097. 21 ICE 3097 . 63 
ICE 3116. 97 ICE 3097. 87 ICE 3098. 03 
ICE 3116. 02 ICE 3096. 91 ICE 3097 . 01 
ICE 3115. 12 ICE 3096. 41 ICE 3096 . 86 
3115. 96 3096. 55 
3116. 20 3096. 83 
3118. 52 3099. 05 3099. 45 
3117. 00 3097 . 72 3098. 06 
3118. 76 3099. 55 3099. 76 
MV-36 MV-37 MV-38 MV-39 MV-40 
Head Head Head Head Head 
3194.20 3135.10 3100.79 
3194.20 3134.48 3101.10 
3195.18 3135.56 3102.90 3122.85V 
3194.89 3136.49 3102.08 3119.77 3123.99 
3196.46 3138.36 3103.01 3120.62 3124.56 
136 
40 
47 
54 
60 
67 
76 
90 
103 
115 
123 
138 
144 
1 6 1  
176 
193 
207 
225 
239 
252 
274 
309 
334 
361 
400 
Day 
115 
144 
176 
207 
239 
274 
309 
334 
361 
400 
Day 
115 
144 
176 
207 
239 
274 
309 
334 
361 
400 
MV-4 
Head 
3144.11 
3144.66 
3146.62 
3147.82 
3149.57 
3147.76 
3146.46 
3144.63 
3144.42 
3142.67 
3143.93 
3143.56 
3143.48 
3144.66 
3143.64 
3142.36 
3142.31 
3141.32 
3141.16 
3141.01 
3140.44 
3139.99 
3140.22 
3144.03 
MV-2 
Head 
3230.59 
3230.36 
3230.61 
3229.49 
3228.85 
3227.62 
3227.62 
3228.40 
3228.67 
3229.71 
MV-9 
Head 
3138.98 
3138.84 
3139.28 
3137.69 
3136.20 
3135.67 
3135.09 
3136.01 
3137.04 
3138.89 
MV-6 
Head 
3143.81 
3144.28 
3146.23 
3147.19 
3147.49 
3147.31 
3145.33 
3144.15 
3143.10 
3142.46 
3143.18 
3143.16 
3142.67 
3143.88 
3143.00 
3141.78 
3140.96 
3140.48 
3140.20 
3140.13 
3139.36 
3139.39 
3141.00 
3142.58 
MV-3 
Head 
3147.94 
3148.88 
3149.68 
3147.68 
3146.39 
3147.00 
3145.56 
3145.39 
3146.60 
3149.50 
MV-11 
Head 
3139.30 
3139.70 
3140.29 
3139.10 
3137.51 
3136.75 
3136.02 
3136.11 
3138.15 
3140.06 
MV-10 
Head 
3141.07 
3141.27 
3143.62 
3144.38 
3144.65 
3145.00 
3143.04 
3141.47 
3141.45 
3139.59 
3140.46 
3140.49 
3139.91 
3141.04 
3140.31 
3139.64 
3139.07 
3138.08 
3137.67 
3137.49 
3136.80 
3137.34 
3138.71 
3140.77 
MV-5 
Head 
3144.21 
3144.29 
3145.02 
3143.95 
3142.32 
3142.17 
3141.37 
3141.18 
3142.32 
3145.05 
MV-12 
Head 
3139.76 
3140.37 
3138.99 
3137.40 
3136.69 
3136.03 
3136.09 
3138.19 
3139.71 
137 
MV-16 
Head 
3137.20 
3138.58 
3139.22 
3139.18 
3138.79 
3137.57 
3137.03 
3136.29 
3135.62 
3136.19 
3136.20 
3135.76 
3136.41 
3135.32 
3134.69 
3134.38 
3133.55 
3133.45 
3133.03 
3132.60 
3133.42 
3134.22 
3135.61 
MV-7 
Head 
3141.25 
3141.97 
3142.48 
3140.76 
3139.24 
3139.00 
3138.24 
3138.56 
3139.89 
3141.94 
MV-13 
Head 
3138.97 
3138.70 
3138.85 
3137.81 
3136.47 
3136.23 
3135.23 
3135.81 
3136.97 
3139.27 
MV-8 
Head 
3141.10 
3141.62 
3140.03 
3138.45 
3138.12 
3137.38 
3137.85 
3139.15 
3141.22 
MV-14 
Head 
3137.26 
3137.71 
3136.27 
3135.18 
3134.63 
3133.98 
3136.04 
3137.90 
MV-15 MV-17 MV-18 MV-19 MV-20 
Day Head Head Head Head Head 
115 3137 . 79 3125 . 44 3120 . 57 3116 . 95 3108 .15 
144 3137 . 67 3126 .01 3121 .01 3117 . 52 3108 . 80 
176 3138 . 06 3126 . 16 3120 . 84 3117 . 29 3108 . 77 
207 3136 . 61 3125 . 27 3119 . 53 3115 . 83 3107 . 94 
239 3135 . 22 3124 . 19 3118 . 71 3115 . 41 3107 . 60 
274 3134 . 73 3123 . 91 3118 . 75 3115 . 14 3107 . 34 
310 3134 . 13 3124 . 28 3118 . 71 3115 .08 3107 . 48 
334 3135 .02 3120 .06 3116 . 46 3108 . 29 
361 3136 . 02 3125 .08 3119 . 69 3116 . 03 3108 . 30 
400 3137 . 74 3120 . 26 3116 . 54 3108 . 98 
MV-21 MV-22 MV-23 MV-24 MV-25 
Day Head Head Head Head Head 
115 3100 . 26 3113 . 39 3101 . 10 3110 . 87 3117 . 38 
144 3100 . 75 3114 . 13 3101 . 96 3111 . 57 3118 . 35 
177 3101 . 96 3113 . 23 3102 . 09 3109 . 91 3117 . 81 
207 3101 . 56 3111 . 60 3101 . 39 3107 . 86 3115 . 97 
239 3100 . 95 3111 . 19 3100 . 95 3106 . 93 3115 . 99 
274 3101 . 00 3110 . 78 3100 . 43 3106 . 43 3115 . 52 
310 3101 . 21 3110 .78 3100 . 73 3106 . 11 3115 . 51 
334 3103 . 02 3112 . 08 3102 . 63 3108 . 71 3116 . 57 
361 3102 .00 3111 . 73 3107 . 99 3116 . 62 
400 3103 .03 3112 . 18 3102 . 96 3107 . 73 3116 . 90 
MV-26 MV-27 MV-28 MV-29 MV-30 
Day Head Head Head Head Head 
115 3125 . 71 3126 . 96 3133 . 02 3134 . 75 3123 . 43 
144 3125 . 56 3127 . 00 3133 .02 3134 . 64 3123 . 56 
177 3126 . 51 3126 . 72 3133 . 03 3136 . 08 3125 . 10 
206 3125 . 00 3125 . 04 3131 . 12 3133 . 14 3123 . 35 
239 3124 . 21 3124 . 38 3130 .02 3131 . 96 3123 . 40 
274 3123 . 52 3123 . 76 3129 . 35 3130 . 43 3122 . 60 
311 3123 . 30 3123 . 69 3128 . 98 3130 . 79 3122 . 45 
334 3124 .05 3124 . 71 3129 . 52 3131 . 25 3123 . 75 
361 3124 . 53 3124 . 86 3130 . 47 3130 . 28 3123 . 94 
400 3125 . 08 3125 . 49 3131 . 25 3133 . 22 3124 . 23 
MV-31 MV-32 MV-33 MV-34 MV-35 
Day Head Head Head Head Head 
94 3137 . 08 
102 3136 . 38 
115 3135 . 47 
144 3136 . 20 3133 . 40 3137 . 79 
176 3136 . 64 3134 . 25 3139 .01 
207 3135 . 00 3133 . 14 3138 . 24 
239 3134 . 88 3131 . 74 3136 . 67 
274 3132 . 80 3130 . 53 3135 . 26 3150 . 54 3142 . 50 
311 3132 . 35 3130 . 10 3134 . 63 3149 . 29 3141 . 54 
334 3132 . 54 3134 . 56 3149 . 58 3141 . 46 
361 3133 . 94 3130 . 18 3136 . 46 3150 . 73 3143 .08 
400 3134 . 59 3131 . 82 3136 . 19 3154 . 04 3145 . 45 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16  
17 
18 
19 
20 
21  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
LEGEND FOR WATER CHEMISTRY SAMPLES 
Project. 
Number 
CFR-NW 
CFR-NW 
MV-34 
MV-36 
MV-36 
MV-3 
MV-3 
MV-4 
MV-35 
MV-35 
MV-6 
MV-8 
MV-8 
MV-9 
MV-10 
MV-10 
MV-10 
MV-11 
MV-12 
MV-14 
CFR-NR 
CFR-NR 
MV-37 
MV-37 
MV-15 
MV-16 
MV-16 
MV-18 
MV-19 
MV-20 
MV-22 
BR-WM 
Sample 
Number 
MV-33 
MV-34 
MV-35 
MV-36 
MV-37 
MV-38 
MV-39 
MV-40 
MV-41 
MV-42 
MV-43 
MV-44 
MV-45 
MV-46 
MV-47 
MV-48 
MV-49 
MV-50 
MV-51 
MV-52 
MV-53 
MV-54 
MV-55 
MV-56 
MV-57 
MV-58 
MV-59 
MV-60 
MV-61 
Project 
Number 
MV-21 
MV-21 
MV-17 
MV-38 
MV-38 
MV-25 
MV-26 
MV-26 
MV-27 
MV-28 
MV-28 
MV-30 
BR-BB 
BR-BB 
H. Neuman's well 
PEW Construction 
Hellgate Elem. 
MV-31 
MV-31 
MWC-20 
MWC-20 
MWC-14 
MWC-3a 
MWC-34 
MWC-32 
MWC-30 
MV-3 
Blank 
Standard 
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